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This Final Environmental Impact Statement (FEIS) has been prepared to
document and disclose the estimated environmental impacts of a decision to
make available and apply lease stipulations to National Forest System lands
within the Pawnee National Grassland. The FEIS analyzes the potential
impacts of the Forest-wide land availability determination by using a
Reasonable Foreseeable Development Scenario (RFD). The FEIS also
proposes lease stipulations and identifies where those stipulations would be
applied on future leases when needed on administratively available lands. The
proposed action would make approximately 100,000 acres administratively
available and close through management direction approximately 3,000 acres.
Administratively available lands would include a No Surface Occupancy
stipulation.

Three alternatives are analyzed in detail in the FEIS and include: Alternative 1:
No Leasing; Alternative 2: No Action; and Alternative 3: Proposed Action.
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Executive Summary

The Arapaho and Roosevelt National Forests and Pawnee National Grassland has prepared this
Final Environmental Impact Statement (FEIS) to make a leasing decision for the Pawnee
National Grassland (PNG). The following is provided as a summary of the major points in the
FEIS.

In many parts of the United States, National Forest System lands overlie geological formations
that may contain oil and/or natural gas. The US Forest Service’s (Forest Service) national policy
on minerals is expressed in the Minerals and Mining Policy Act of 1970 and states that the
“[e]xploration, development, and production of mineral and energy resources and reclamation of
activities are part of the Forest Service’s ecosystem management responsibility.” The Forest
Service allows leases on many National Forest System lands for the purpose of drilling wells and
extracting oil and/or gas. The Department of Interior, Bureau of Land Management (BLM), acts
as the onshore leasing agent for the Federal Government. Forest Service regulations (36 CFR
228.102) developed in response to the Federal Onshore Oil and Gas Leasing Reform Act of 1987
(Leasing Reform Act) require a leasing analysis be completed prior to offering leases on
National Forest System lands.

The leasing analysis involves two determinations. First, whether lands on the PNG will be
administratively available for leasing. Second, what stipulations must be included in any leases
issued that are not included in standard lease terms. Stipulations can include timing limitations,
controlled surface use, and no surface occupancy.

Purpose and Need

The purpose of this FEIS is to complete a Grassland wide leasing analysis that complies with the
Leasing Reform Act. There is a need for a leasing decision that:
1. Accounts for current environmental considerations and oil and gas demand;
2. Best meets Forest Plan direction; and
3. Fulfills the federal government’s policy to "foster and encourage private enterprise in the
development of economically sound and stable industries, and in the orderly and
economic development of domestic resources to help assure satisfaction of industrial,
security, and environmental needs" (Mining and Minerals Policy Act of 1970) while
continuing to sustain the land’s productivity for other uses and capability to support
biodiversity goals (Forest Service Minerals Program Policy).

Stated briefly, the goal of this FEIS is to analyze different leasing alternatives on the PNG and

determine which alternative best meets Forest Plan direction, Forest Service minerals policy, and
the public interest.
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Alternatives

Because the leasing analysis involves determinations on availability and stipulations, the
alternatives analyzed in this FEIS have different combinations of lands available and
stipulations. However, because the PNG contains a mixture of private mineral estate, existing
leases, and unleased lands, these determinations will apply most directly to the unleased portion
of the PNG (approximately 100,000 acres). There are two primary reasons for this. First,
approximately 46,000 acres of the PNG lie above private mineral estate. Because the mineral
estate is privately held, federal availability determinations and lease stipulations do not apply.
Second, approximately 43,000 acres of the PNG are already leased. Because these lease rights
are already granted, they will continue under their existing terms until they expire. However, if
existing leases expire, the land availability and lease stipulation determinations under this
decision will be included in any future leasing decisions on these lands.

The FEIS examines three alternatives in detail: (1) No Leasing; (2) No Action; and (3) No
Surface Occupancy. Each of these alternatives is described briefly below:

Alternative 1-No Leasing

The No Leasing Alternative will designate all unleased lands on the PNG as administratively
unavailable for lease. This means that no leases could be sold on these lands. EXxisting leases, if
they expired, could also not be leased again.

Alternative 2-No Action

The No Action Alternative will continue the availability and stipulation determinations made as
part of the 1997 Forest Plan. This decision made nearly all lands on the PNG available for
leasing and included a mixture of stipulations (timing limitations, no surface occupancy, and
controlled surface use). In short, these stipulations allow oil and gas development on the PNG
surface so long as it conforms to the stipulations.

Alternative 3-No Surface Occupancy

The No Surface Occupancy Alternative will designate all unleased lands on the PNG as
administratively available for lease. These lands will carry a no surface occupancy stipulation.
This stipulation prohibits surface disturbance on the leasehold. In short, leases may be offered
for sale, but once purchased, accessing and development of the oil and gas resource cannot occur
directly on the surface of the leasehold and must be developed by off-site surface occupancy.

The No Surface Occupancy Alternative is the Forest Service’s preferred alternative.
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Potential Oil and Gas Activity on the PNG

While a leasing analysis determines if leases can be sold (and under what stipulations), it does
not authorize oil and gas development. In order to develop a federal lease, an operator must file
an Application for Permit to Drill (APD) with the BLM. This application includes a surface use
and drilling plan and must be approved before any development is allowed. The APD is also
subject to the NEPA process. Because the leasing analysis does not authorize any development,
the Forest Service uses a projection of expected oil and gas development called a Reasonably
Foreseeable Development Scenario (RFD).

BLM prepared an RFD for the Royal Gorge Field Office, which includes the PNG, in 2012. It
projects oil and gas development over the next 20 years. In short, the RFD projects that, if the
PNG is entirely available for lease under standard lease terms, that 265 new wells could be
drilled in the short term. Of those wells, approximately 234 would remain in the long term.

Issues and Concerns

Issues and concerns were identified from interdisciplinary team analysis and comments received
during the public involvement process. These issues and concerns are summarized below:

e Many respondents provided comments related to the impacts of hydraulic fracturing
on groundwater, surface water, terrestrial wildlife, avian wildlife, soil, scenic,
recreation, and air quality resources. They recommended that the EIS include
disclosure of impacts to water rights, disposal of fluids, re-injection storage, the
probability of leaks, the effects of leaks if they occur, and contamination avoidance
measures were requested. Some comments included a recommendation that hydraulic
fracturing be prohibited on the federal parcels of the project area. Other commenters
recommended No Surface Occupancy (NSO) requirements on all remaining leasable
lands on the Pawnee National Grassland.

e Several respondents provided comments related to the need for a thorough
groundwater analysis that involves industry and science.

e A few respondents provided comments related to the benefits of horizontal or
directional drilling with regard to minimizing environmental impacts. Some
respondents also provided comments related to the limitations of directional drilling;
the use of directional drilling must be determined on a case-by-case basis due to
industry cost, control, and technical limitations.

e Some respondents provided comments related to soil degradation cause by increased
road and pipeline construction to support the oil and gas operations.
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e Some respondents provided comments related to potential effects to wildlife species
due to increased oil and gas operations and activity. The species listed included
terrestrial, avian, and particularly sensitive and threatened species, either federally or
state listed. These include: black-tailed prairie dogs, burrowing owls, swift fox,
mountain plover, ferruginous hawk, long-billed curlew, Brewer’s sparrow,
McCowan’s longspur, chestnut-collared longspur, grasshopper sparrow, and Brewer’s
sparrow. The potential effects could be caused by the development of roads and
pipelines which can cause habitat fragmentation or degradation, edge effects, and
direct mortality.

e Some comments recommended stipulations in the Environmental Impact Statement
(EIS) for: no oil and gas development adjacent to or in prairie dog towns; wild-to-
wild relocation, which entails relocating prairie dogs from disturbed burrows to
vacant burrows in alternate locations; reverse dispersal translocation (RDT), which
entails coaxing prairie dogs out of an area and gradually closing down vacant
burrows; and restricting vehicles from within active prairie dog colonies.

o A few respondents provided comments related to negative effects on recreational
activities due to increased oil and gas operations and activity. The potential
reductions in bird species and populations, as well as visual obstructions caused by oil
and gas equipment were cited as potential causes for a reduction in bird watching
activity on the Grassland.

Environmental Consequences

Forecasting environmental impacts for a leasing analysis is problematic because it is not known
precisely where or what development will be proposed. In addition, Conditions of Approval and
other specific mitigation are not determinable until an APD is submitted. These details are
critical to evaluating the environmental impacts of oil and gas development. However, given the
RFD’s projection, it is possible to draw some broad generalizations about environmental effects
of making lands available for leasing and how well leasing stipulations address environmental
concerns.

Oil and gas development is an industrial operation and involves surface disturbance. As a result,
some environmental impacts or risk are inevitable. These can include impacts to water
resources, terrestrial and aquatic species, scenery, recreation, air quality, and traffic. While the
specific impacts of development are hard to determine at the leasing analysis stage, in general,
the more wells, well pads, roads, and other oil and gas development on the PNG, the greater the
risk of environmental impact.

The primary environmental impacts of the alternatives include the following:
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e No Leasing will likely result in the greatest risk of environmental impacts. This is
because of production inefficiency to avoid the federal mineral estate which is intermixed
with private and state minerals. It is estimated that approximately 10% more wells, well
pads, and surface disturbance would be needed under this alternative due to spacing
constraints and access. All wells, well pads, and surface disturbance would occur
outside the PNG; however, not leasing these lands would likely involve more impacts
than leasing.

o No Action will likely have the second greatest risk of environmental impacts. This is
because it would generally allow for surface occupancy of the PNG to extract federal
minerals. While the stipulations identified in the 1997 Forest Plan would provide some
protection for resources, there are some resources that will be subject to environmental
risk. There are no stipulations associated with sensitive aquifers, few stipulations for
scenery, no stipulation for recreation resources or for aquatic species, and the benefit of
some of the wildlife stipulations may not be adequate.

e No Surface Occupancy is expected to have the least risk of environmental impacts. This
is because there will be no wells, well pads, or surface disturbance on the PNG and
development would occur more efficiently between federal and non-federal minerals. It
is likely that oil and gas development will be located on lands adjacent to the PNG.
However, because the PNG would be available for lease, the potential development is
expected to occur more efficiently and with less total surface impacts under the No
Surface Occupancy alternative due to advances in horizontal drilling technology. Under
this alternative all resources on the PNG would be exposed to the least risk of
environmental impacts because these developments would simply not occur on the PNG
and the indirect effects from private development would be reduced.

Oil and gas technology has also changed in recent years. Most importantly, horizontal drilling
has become the dominant method of extraction. This method increases the subsurface space that
is accessible by one well bore, reducing the number of wells needed to develop a lease. In
addition, horizontal wells can extend up to 1.5 miles underground allowing for a greater distance
between the well pad and the minerals. Horizontal drilling is an important factor for the leasing
decision because all the federal minerals can be accessed by drilling from off-site locations with
horizontal wells. Therefore, 100% of the federal minerals can be developed without surface
occupancy of the PNG. Stated another way, so long as lands on the PNG are available for lease,
all of the federal minerals can be developed no matter what stipulations are placed on those
leases. For this reason, there is no difference in recoverability between the No Action
Alternative and the No Surface Occupancy Alternative.
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Pawnee Oil and Gas EIS Chapter 1

Introduction

The Arapaho and Roosevelt National Forests and Pawnee National Grassland together with the
Bureau of Land Management (as a cooperating agency) has prepared this Final Environmental
Impact Statement (FEIS) to evaluate oil and gas leasing on the Pawnee National Grassland
(PNG). This FEIS was prepared in order to inform a leasing analysis decision. This decision
determines what lands on the PNG would be available for oil and gas leasing and what lease
stipulations would be attached to any future leases. This FEIS discloses and discusses the
potential environmental impacts of oil and gas leasing across a range of alternatives in order to
make this decision.

To provide the reader with a foundation for this analysis, this Chapter includes:

(1) A background on oil and gas leasing on National Forest System lands;

(2) A discussion of the federal process for oil and gas leasing and oil and gas development
on National Forest System Lands;

(3) Oil and gas leasing on the PNG

(4) A discussion of the purpose and need for action;

(5) A discussion on the scope of the analysis;

(6) A description of the projections of future oil and gas development under the reasonably
foreseeable development scenario (RFD)

(7) A statement of the decisions to be made;

(8) A description of the lands involved,;

(9) A discussion of public participation and significant issues;

(10) Issue considered in detail in this analysis;

(11) Issues dismissed from detailed study

1.1.Background on Oil and Gas Leasing on NFS lands

In many parts of the United States, National Forest System (NFS) lands overlie oil and gas
resources. The Forest Service manages NFS lands, outside of statutory wilderness areas and
other limited use designations, for a spectrum of uses under the Multiple-Use Sustained Yield
Act of 1960. Part of the Forest Service’s multiple use mission is to allow for the exploration,
development, and production of oil and gas resources while sustaining the long term health and
biological diversity of ecosystems.*

! See Forest Service Manual (FSM) 2822.03 which describes the FS’s policy on mineral leasing.



To fulfill this mission, the Forest Service (FS) and Bureau of Land Management (BLM) work
together to lease oil and gas on NFS lands.? The Federal Onshore Oil and Gas Leasing Reform
Act of 1987 divides the responsibility for issuing oil and gas on NFS lands between the Secretary
of Interior, acting through the BLM, and the Secretary of Agriculture, acting through the Forest
Service.

As of February 2012, the Forest Service estimates that, nationwide, approximately 5 million
acres of NFS lands are currently leased for oil, gas, coal, and phosphate mining. Federal
procedures establish a process the Forest Service and BLM follow in order to make decisions
regarding the leasing of NFS lands.

1.2.Federal Process

The Code of Federal Regulations (CFR) sets forth the process the FS and BLM follow to make
decisions regarding the exploration, development, and production of oil and gas resources on
NFS lands.® In short, these regulations establish a staged decision making process. There are two
stages: (1) leasing of federal oil and gas; and (2) development of the lease.

The staged decision making process is illustrated by the distinct decisions the FS and BLM must
make. There are four National Environmental Policy Act (NEPA) based decisions the FS and
BLM make in deciding whether oil and gas development can occur on NFS lands. These
decisions and a short description are:

(1) FS leasing analysis and decision—what lands are available for leasing and what
stipulations are necessary.*

(2) BLM lease sale decision—whether to sell a lease on available lands and what stipulations
are necessary.’

(3) FS review of leaseholder’s SUPO—whether the plan is consistent with the lease and
acceptable (or can be made acceptable) based on environmental considerations.®

(4) BLM decision on leaseholder APD —whether “on the ground” activities will be
authorized.”

Because these are NEPA based decisions, they all require the consideration of environmental
consequences and opportunities for public involvement.

2 FSM 2022.04 describes the FS and BLM’s responsibilities with respect to leasable minerals. In addition, the FS
and BLM have signed a Memorandum of Understanding (MOU) for the purpose of establishing joint BLM and FS
policies and procedures for managing oil and gas leasing and operational activities pursuant to oil and gas leases
on NFS lands. http://www.fs.fed.us/geology/MOU BLM Oil Gas.pdf

36 CFR Subpart E describes Forest Service and 43 CFR Part 3100 describes BLM rules and procedures for oil and
gas leasing.

%36 CFR 228.102

> 43 CFR Subpart 3101

® 36 CFR 228.106 through 36 CFR 228.109

7 43 CFR § 3162.3-1.
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The FS and BLM are currently in the first stage and the focus of this EIS is to complete a leasing
analysis and decision.

1.3.Leasing Analysis and Decision

The FS uses the leasing analysis to make two determinations—a land availability determination
and a lease stipulation determination. First, the FS determines what NFS lands will be available
for leasing (land availability determination). Second, if the FS determines that lands are
available for leasing, the FS next decides what stipulations will be required in the lease (lease
stipulation determination).

The FS completes the leasing analysis under NEPA procedures to ensure that environmental
impacts are considered in decision making. In evaluating the environmental impacts, the Forest
Service projects the type/amount of post-leasing activity that is reasonably foreseeable as a
consequence of conducting a leasing program consistent with that described in the proposal and
for each alternative. This projection is called a Reasonably Foreseeable Development Scenario
(RFD)® and is an estimate of oil and gas development in the analysis area for a specified period
of time (usually between 10 and 20 years).

The FS uses this projection to analyze the reasonable foreseeable impacts of post-leasing
activity.® As a result, this projection provides the basis for the evaluation of the environmental
impacts under NEPA.

1.3.1.1. Land Availability Determination

In substance, a land availability determination defines whether oil and gas leasing is allowed
whatsoever on NFS lands. For the land availability determination, the Forest Service places NFS
lands on the PNG into one of three categories. These categories are:

(1) Lands closed to leasing by law or regulation;
(2) Lands available for leasing through management discretion; and
(3) Lands closed to leasing through management discretion.

The land availability determination first identifies lands that are closed to leasing by law or
regulation (e.g. Wilderness Areas of Withdrawn Areas). These lands are legally unavailable for
leasing and are excluded from further review in the land availability determination.

For remaining lands, the Forest Service identifies what lands will be open or closed to leasing
through management discretion.

® See BLM Handbook 1624-1 and BLM Instructional Memorandum (IM) 2004-89. An RFD is “a reasonable,
technical, and scientific estimate of anticipated oil and gas activity based on current information and data
available.”

%36 CFR 228.102(c).



1.3.1.2. Lease Stipulation Determination

The lease stipulation determination only applies to lands the Forest Service has defined as
available through management discretion. For these lands, the Forest Service determines what
stipulations must be included on any future leases.

Lease stipulations are additional restrictions or constraints placed on a lease and become part of
the lease issued by BLM. The purpose of lease stipulations is to reduce potential adverse
impacts of operations on NFS surface resources or to implement forest plan management
direction.™

Lease stipulations fall into one of three categories:**

(1) No Surface Occupancy (NSO)
(2) Timing Limitations (TL)
(3) Controlled Surface Use (CSU)

Standard Lease Terms (SLTs) are included on every lease issued by BLM. If SLTs are not
determined to be adequate to protect surface resources, additional stipulations are developed.*?
These include no surface occupancy (NSO), timing limitations (TL), and controlled surface use
stipulations (CSU). When additional stipulations are required, they supersede any inconsistent
provisions in SLTSs.

Stipulations are described briefly here and in detail in Appendix A.

Standard Lease Terms

Standard Lease Terms (SLTs) are contained in BLM Form 3100-11—Offer to Lease and Lease
for Oil and Gas, U.S. Department of the Interior, BLM, October 1992. Form 3100-11 is standard
nationwide and is applied to every lease issued.

Under SLTs, the right to use of the leased lands is subject to reasonable measures needed to
minimize adverse impacts. 43 CFR 3101.1-2 defines what reasonable measures can be required.
These include:

(1) relocation of proposed operations up to 200 meters;

1% See 53 FR 10423-01 which states that: “Appropriate stipulations would be those necessary to implement the
management direction in the forest plan as well as those identified in the environmental document(s) as mitigation
measures for possible adverse impacts of oil and gas operations on National Forest System surface resources.”

! See “Uniform Format for Oil and Gas Leasing Stipulations”; Final Recommendations Prepared By: Rocky
Mountain Regional Coordinating Committee March 1989. Available at:
http://www.blm.gov/pgdata/etc/medialib/blm/wy/programs/energy/og/leasing/saleforms.Par.4059.File.dat/unifo
rmformat-stips.pdf

2 FSM2822.42 provides some guidance on determining the need for stipulations. It states that they should be
“...necessary to protect the use, management, administration, and development of the National Forest System
lands and the Forest Development Road Systems. Stipulations should be held to a minimum consistent with those
purposes.”

4


http://www.blm.gov/pgdata/etc/medialib/blm/wy/programs/energy/og/leasing/saleforms.Par.4059.File.dat/uniformformat-stips.pdf
http://www.blm.gov/pgdata/etc/medialib/blm/wy/programs/energy/og/leasing/saleforms.Par.4059.File.dat/uniformformat-stips.pdf

(2) prohibit new surface disturbing operations for a period up to 60 days in any lease year

No Surface Occupancy

No Surface Occupancy (NSO) lease stipulations prohibit any surface disturbing activities on the
leasehold. This means that wells and well pads cannot be located on leaseholds. However, the
NSO stipulation does not prohibit the FS from evaluating special use permit applications for
roads, pipelines, or other uses. Any applications for these uses are evaluated under Forest
Service special uses regulations.®

NSO stipulations can apply to the entire lease, as a specified distance from resources and
facilities; such as rivers, trails, campgrounds, etc., or other geographic features. The NSO
stipulation is generally used when all other stipulations do not sufficiently protect surface
resources.

Timing Limitations

Timing Limitation (TL) lease stipulations prohibit surface use during specified time periods.
Because SLTs provide the authority to prohibit surface use for up to 60 days, timing limitation
stipulations are generally used when necessary to protect resource values that require prohibiting
surface use in excess of 60 days.

Controlled Surface Use

Controlled Surface Use (CSU) lease stipulations are intended to be used when surface use is
generally allowed on all or portions of the lease area year round, but because of special values or
resource concerns, lease activities must be strictly controlled. CSU lease stipulations may be
required for certain resources that require special design, construction, operation, mitigation,
implementation, reclamation, and monitoring measures, including relocation of operations by
more than 200 meters.

1.3.2. After the Leasing Analysis and Decision

The FS completes the leasing analysis by issuing a Record of Decision (ROD) and notifying
BLM by providing them a copy of the leasing analysis. The BLM will determine whether to
adopt the Oil and Gas Leasing EIS and associated analysis. In that decision, the BLM will
conduct an independent review and determine if the EIS adequately addresses all likely
significant environmental impacts associated with the BLM’s responsibilities for oil and gas
leasing and development on the PNG, as well as if all BLM requirements and comments were
adequately addressed by the Forest Service. The BLM may identify specific tracts of NFS lands
be leased. If NFS tracts are identified, the FS will determine whether to consent with BLM to

B The procedures for evaluating special use applications are listed in 36 CFR 251 Subpart B.



offer the lease.™ If the FS consents to BLM’s decision to offer the lease, BLM may lease
minerals underlying NFS lands—typically through a competitive lease sale.

If a lease is issued on NFS lands, the leaseholder may submit an APD. The submission of the
APD triggers review and evaluation by the Forest Service and BLM in order for any
development of the oil and gas lease.

1.3.3. Development of Federal Oil and Gas Leases on NFS Lands

Prior to any development of an oil and gas lease on NFS lands, the leaseholder must submit an
APD for review and consent by the BLM and Forest Service. In general, an APD is a plan for
drilling and surface use on the leasehold.’® The APD includes, among other requirements, a
drilling plan and a Surface Use Plan of Operations (SUPQ). The drilling plan includes a
description of the drilling program, the surface and projected completion zone location, pertinent
geologic data, expected hazards, and proposed mitigation measures to address such hazards. The
SUPO includes the road and drillpad location, details of pad construction, methods for
containment and disposal of waste material, plans for reclamation of the surface, and other
pertinent data.

Similar to leasing, the BLM and FS share the authority over the review and approval of APDs™.
The FS is responsible for review of the SUPO and the BLM is responsible for overall review and
approval or disapproval of the APD. This review is consistent with FS responsibilities for
surface resources and BLM responsibilities for subsurface or “downhole” issues—such as
drilling and casing.

“The procedures for Forest Service authorization to BLM is described at 36 CFR 228.102. It states that:

At such time as specific lands are being considered for leasing, the Regional Forester shall review the area

or Forest-wide leasing decision and shall authorize the Bureau of Land Management to offer specific lands

for lease subject to:

(1) Verifying that oil and gas leasing of the specific lands has been adequately addressed in a

NEPA document, and is consistent with the Forest land and resource management plan. If
NEPA has not been adequately addressed, or if there is significant new information or
circumstances as defined by 40 CFR 1502.9 requiring further environmental analysis,
additional environment analysis shall be done before a leasing decision for specific lands will
be made. If there is inconsistency with the Forest land and resource management plan, no
authorization for leasing shall be given unless the plan is amended or revised.

(2) Ensuring that conditions of surface occupancy identified in § 228.102(c)(1) are properly
included as stipulations in resulting leases.

(3) Determining that operations and development could be allowed somewhere on each
proposed lease, except where stipulations will prohibit all surface occupancy.

!> 43 CFR 3162.3-1 describes the information to be included in the APD.
!¢ Onshore Oil and Gas Order Number 1



The SUPO and APD are subject to site specific review under NEPA. The Forest Service reviews
and makes a NEPA based decision on the SUPO. If the SUPO is approved, the BLM then
reviews and makes a NEPA based decision the APD.

36 CFR 228.107(a) lists four determinations the Forest Service must make to approve a SUPO.
These determinations are:

(1) That the SUPO is consistent with the lease, including the lease stipulations, and
applicable Federal laws.

(2) That the SUPO is consistent or can be made consistent with the Forest Plan.

(3) That the SUPO meets or exceeds the surface use requirements in 36 CFR 228.108."

(4) That the SUPO is acceptable, or is modified to be acceptable, based upon a review of the
environmental consequences of the operations.

The BLM review of the APD includes technical considerations related to “downhole” operations
and any environmental considerations identified in the NEPA analysis of the APD.*® After
environmental analysis, BLM issues a NEPA based decision on the APD.

The Forest Service and BLM may require Conditions of Approval to mitigate site specific
resource concerns. Only after the APD and associated SUPO are approved may the applicant
proceed with drilling the well after the APD is signed by the BLM authorizing official. All
activity must conform to the APD, SUPO, and lease stipulations.

1.3.4. Modifications, Waivers, and Exceptions

An operator may request the FS authorize BLM to modify (permanently change), waive
(permanently remove), or grant an exception (case-by-case exemption) to a stipulation included
in a lease at the direction of the Forest Service.® The Forest Service reviews requests for
modifications, exceptions, and waivers under the NEPA process. In order to authorize BLM to
grant a modification, waiver, or exception; the Forest Service must make four determinations:

(1) The action would be consistent with applicable Federal laws;

(2) The action would be consistent with the current forest land and resource management
plan;

(3) The management objectives which led the Forest Service to require the inclusion of the
stipulation in the lease can be met without restricting operations in the manner provided

7 36 CFR 228.108 lists ten surface use requirements. These requirements include; among others, that operations
are conducted in a manner that minimizes effects on surface resources and prevents unnecessary or unreasonable
surface resource disturbance. They also require the operator conduct reclamation and that operations protect
watersheds.

'8 BLM Handbook 3160-1 identifies the guidelines and procedures for processing APDs, oil and gas tests, and
subsequent operations under an onshore Federal or Indian oil and gas lease.

% See 36 CFR 228.104 for a description of the FS process for the consideration of modifications, waivers, and
exceptions.



for by the stipulation given the change in the present condition of the surface resources
involved, or given the nature, location, timing, or design of the proposed operations; and

(4) The action is acceptable to the authorized Forest officer based upon a review of the
environmental consequences.

1.4.0il and Gas Leasing on the Pawnee National Grassland.

Oil and Gas leasing has been occurring on the PNG since the 1930s. The most recent leasing
analysis was completed in 1997 as part of a Forest Plan revision. The 1997 leasing analysis
relied on a reasonably foreseeable development scenario (RFD) developed in 1995. Since 1997,
oil and gas leasing has been occurring under the availability and stipulation determinations
defined in that analysis. Currently, approximately 43,000 acres of the PNG are leased and 62 oil
and gas wells are active.

Since 1997, interest in oil and gas resources on the PNG has increased and the technology to
extract oil and gas has changed. One of the important technological changes is the way oil and
gas is extracted—changing from conventional to horizontal drilling. As a result, BLM
developed a new reasonably foreseeable development scenario (RFD) in 2013. The 2013 RFD
projects that 234 new wells will be developed in the long term on the PNG over the next 20
years.

1.5.Purpose and Need for Action

1.5.1. Need for Action

Conditions have changed since the 1997 Forest Service’s leasing decision. First, a new RFD was
prepared in 2013. Second, interest in oil and gas resources under the PNG has increased since
1995. BLM’s 2013 RFD projects up to 234 new wells could be developed on the PNG from
2013 through 2033. Lastly, drilling technology is advancing and changing how oil and gas
resources are recovered.

Because FS leasing decisions should reflect consideration of environmental impacts, current
technology, and current projected demand for oil and gas (among other things), the FS has
identified the need to re-examine the 1997 leasing decision and make a new decision if
necessary.

In addition, there is also a need for a leasing decision that best meets Forest Plan goals and
objectives and geographic area direction for the PNG. The Forest Plan’s geographic area
direction for the PNG is particularly important because it is specific to the PNG and helps
“...specify priorities among competing uses, activities, resources, or other items.”?® The extent

% See Forest Plan pg. 43 which discusses the purpose of geographic area direction.



to which the alternative leasing programs evaluated in this EIS meet Forest Plan direction will be
important to this decision.

1.5.2. Purpose of Action

The purpose of the Proposed Action is to complete a Grassland-wide leasing analysis that
complies with the Leasing Reform Act. The leasing analysis will establish an oil and gas
program for the PNG that, along with other forest plan direction, will guide oil and gas lease
sales on the PNG for the next 20 years. This analysis will determine: (1) what lands will be
available on the Pawnee National Grassland for oil and gas leasing; and (2) what stipulations will
be included on any future leases.

This analysis is required to meet regulatory requirements of 36 CFR 228.102, which established
guidance for the process for oil and gas leasing on National Forest System lands in order to
comply with the Leasing Reform Act.

1.6.Scope of this Analysis

The goal of this analysis is to inform the leasing decision for the Pawnee Grassland. It includes
analysis of relevant environmental impacts to assist the Forest Supervisor in selecting an
alternative that best meets the purpose and need. However, because a leasing decision does not,
by itself, result in any on the ground oil and gas development, the EIS analysis relies on the RFD
to assess environmental impacts. The analysis uses the RFD’s assumptions and projections of
the number of wells, disturbed sites, and acres of surface disturbance as a basis for forecasting
environmental impacts.

While the RFD provides a reasonable projection of oil and gas development, there are limitations
on the precision of this projection and assumptions are needed. First, it is not possible to
estimate precisely where, when, or how oil and gas leases will be developed into the future on
the PNG. These details are only known once a lease is purchased and the operator submits an
APD that includes a drilling plan and SUPO to indicate when, where, and how a well will be
drilled ona federal lease. Second, the magnitude of future demand for oil and gas resources is
difficult to determine. And this influences the schedule for lease sales and the specifics of lease
development. Third, the RFD projection assumes all potentially productive areas can be open
under standard lease terms and conditions, except those areas designated as closed to leasing by
law, regulation, or executive order. This assumption is unlikely for Forest Service lands given
that additional stipulations were required in the 1997 Leasing Decision. For these reasons, the
accuracy of environmental disclosure in this EIS is limited and definitive conclusions about
environmental impacts are difficult to make. As a result, this EIS makes broad disclosures to
inform the leasing analysis determinations.

Even though the EIS cannot provide for precise disclosure of environmental impacts of oil and
gas development over the next 20 years, it does give an idea of what the general environmental



consequences of oil and gas development would be under alternative leasing programs. It also
provides an opportunity to evaluate cumulative impacts more soundly than they could be
evaluated under individual APD or SUPO analysis. Finally, this analysis is helpful to identify

important resources on the PNG and provides a discussion of the risk, if any, from oil and gas
development to those resources. All of this information is helpful in making the land availability

and stipulation determinations for the leasing decision.

1.7.Reasonably Foreseeable Development (RFED)

Because this analysis uses the RFD as a basis for analysis, this section describes some of the
most relevant projections and assumptions. This area includes most of eastern Colorado. The

RFD provides a projection for lands within the BLM’s Royal Gorge Field Office boundary (see
Figure 1). This includes not just the PNG but private, state, and other non-federal lands;

encompassing at total of 680,000 surface acres and 6.8 million sub-surface acres. The PNG

includes about 192,000 acres of this total.

The entire RFD is included as Appendix A.

Figure 1—Royal Gorge Field Office
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1.7.1. RED Projections

The RFD consists of three primary projections: (1) the total number of wells expected in the

Royal Gorge Planning Area; (2) the number of disturbed sites (i.e. well pads); and (3) the

acres of surface disturbance.

The RFD includes projections for both short term and long term. There are two reasons for
this. First, not all wells that are drilled will be productive and remain on the landscape.

Those that are not productive are removed and the area is reclaimed. Second, the short term

surface disturbance is much greater than long term surface disturbance because of
reclamation requirements.

The short and long term RFD projections for wells, disturbed sites, and surface disturbance

are displayed in Tables 1-6 below.

Table 1—Short Term RFD Well Projection.

BLM PNG Other !_ands (state Total
Lands and private)
Total New Exploratory and 515 265 12,261 13,041
Development Wells
Total Existing Active Wells | 490 245 28,262 28,997
Total Wells 1,005 510 40,523 42,038
Table 2—Long Term RFD Well Projection
BLM PNG Other !_ands (state Total
Managed and private)
Total New Active Wells 460 234 10,906 11,600
Total Remaining Active 399 196 22.890 23485

Wells
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Total Wells 858 430 33,796 35,084
Table 3—Short Term RFD Disturbed Sites Projection
BLM PNG Other !_ands (state Total
Managed and private)
Total New and Exploratory
Well Disturbed Sites 374 170 8,198 8,742
Total E_X|st|ng Disturbed 399 196 23,509 24104
Well Sites
Total Short-Term
Disturbed Sites 773 366 31,707 32,846
Table 4—Long Term RFD Disturbed Sites Projection
BLM PNG Other !_ands (state Total
Managed and private)
Total New Active
Disturbed Well Sites 338 154 7,407 7,899
Total R_emalnlng Disturbed 336 162 19,431 19.929
Well Sites
T_otal Long-Term Disturbed 674 316 26,838 27828
Sites
Table 5 RFD Short Term Surface Disturbance Projection (acres)
BLM PNG Other !_ands (state Total
Managed and private)
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Total New Acres of 1,741 935 41,764 44,440
Surface Disturbance

Total Existing Surface 453 228 26,141 26,822
Disturbance

thal Short Term 2194 1,163 26,838 71,262
Disturbance

Table 6—RFD Long Term Surface Disturbance Projection

BLM PNG Other Lands (state

Managed and private) Total

Total New Acres of
Surface Disturbance (after | 271 177 6,007 6455
reclamation)

Total Existing Surface

Disturbance 315 151 18,182 18,648

Total Long Term

Disturbance 586 2178 24,240 25,104

1.7.2. RED Assumptions

The RFD includes many assumptions in order to project oil and gas development and surface
disturbance. These assumptions are described in more detail throughout the RFD (see Appendix
A); however, a summary is provided below.

1.7.3. Projection Assumptions
e All potentially productive areas will be open under standard lease terms and
conditions, except those areas designated as closed to leasing by law, regulation,
or executive order
e Horizontal drilling will be primarily used for oil and gas development.
e The success rate for new wells will be very high—about 90%.
e Successful wells will productive for 50 years.
1.7.4. Surface Disturbance Assumptions
e With increased drilling interest and increased interest in multi-pad wells in the
Greater Wattenberg AQNAA, it is assumed that 70 percent of new wells will be
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drilled on an average of four wells per pad. The remaining 30 percent of new
wells will average one well per pad.

e [tisassumed that in the area to the north of the Greater Wattenberg AQNAA,
successful exploration and development will proceed with pads averaging at least
three wells each and these pads will account for 50 percent of new wells drilled in
the area. The remaining 50 percent of new wells will average one well per pad.

¢ Inthe rest of the Planning Area it is assume as many as five percent of new
conventional wells will be drilled with an average of two wells per pad and the
remaining 95 percent will average one well per pad.

e Pads with one well will have two acres of initial disturbance associated with the
pad, 0.91 acres associated with a road, and 1.1 acres associated with a pipeline. If
the well is not successful the pipeline disturbance will not occur. For productive
wells the pad will be reclaimed to 0.25 acres, the road will be reclaimed to 0.43
acres, and the pipeline will be completely reclaimed.

e Pads with two wells will have four acres of initial disturbance associated with the
pad, 0.91 acres associated with a road, and 1.1 acres associated with a pipeline. If
the well is not successful the pipeline disturbance will not occur. For productive
wells the pad will be reclaimed to 0.5 acres, the road will be reclaimed to 0.43
acres, and the pipeline will be completely reclaimed.

e Pads with three wells will have 10 acres of initial disturbance associated with the
pad, 0.91 acres associated with a road, and 1.1 acres associated with a pipeline. If
the well is not successful the pipeline disturbance will not occur. For productive
wells the pad will be reclaimed to 0.7 acres, the road will be reclaimed to 0.43
acres, and the pipeline will be completely reclaimed.

e Pads with four wells will have 10 acres of initial disturbance associated with the
pad, 0.91 acres associated with a road, and 1.1 acres associated with a pipeline. If
the well is not successful the pipeline disturbance will not occur. For productive
wells the pad will be reclaimed to 0.9 acres, the road will be reclaimed to 0.43
acres, and the pipeline will be completely reclaimed.

e Of the existing active wells (as of February 2012) 20 percent wells will be
abandoned by the end of the Planning Period.

1.8.Decisions to be Made

The Arapaho Roosevelt National Forests and Pawnee National Grassland Supervisor will make a
leasing decision. This decision will include a land availability determination and a lease
stipulation determination. These determinations are described below:

(1) Land Availability Determination
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The land availability determination specifies what lands will be administratively available
for leasing. This decision will place NFS lands on the PNG into three categories:

a) Available for leasing through management discretion
b) Closed to leasing through management discretion
c) Closed to leasing by law or regulation

(2) Lease Stipulation Determination

The lease stipulation determination identifies what lease stipulations will be attached to
future leases on lands determined to be administratively available for leasing.

The leasing decision will be documented as an amendment to the Forest Plan. It will replace
Appendix D—Oil and Gas Leasing Supplemental Stipulations.

1.9.Lands affected by this decision

The PNG is approximately 192,000 acres. However, this decision will only directly impact
approximately 100,000 acres—the unleased federal mineral estate on the PNG.

There are two primary reasons for this. First, approximately 46,000 acres of the PNG lie above
private mineral estate. Because the mineral estate is privately held, federal availability
determinations and lease stipulations do not apply. Second, approximately 43,000 acres of the
PNG are already leased. Because these lease rights are already granted, they will continue under
their existing terms until they expire. However, if existing leases expire, the land availability and
lease stipulation determinations under this decision will be included in any future leasing
decisions on these lands.
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Figure 2 Land and Mineral Estate

Pawnee National Grassland Oil and Gas Leasing Analysis - Forest Service Land and Mineral Estate
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1.10.

Public Participation

The Forest Service has invited the public to participate in the following ways:

A notice of intent (NOI) to prepare an environmental impact statement was published
in the Federal Register on April 1, 2013. The NOI requested comments and described
the proposed action, purpose and need, decision to be made, and provided a contact
for further information.

A scoping letter was mailed to interested and affected individuals on April 2, 2013.
This letter described the proposed action, purpose, and need, decision to be made and
provided instructions on how to comment.

The Forest Service received about 3,000 comments.

1.11.

Issues

Issues and concerns were identified from interdisciplinary team analysis and comments received
during scoping. These issues and concerns are summarized below:

Many respondents provided comments related to the impacts of hydraulic fracturing
on groundwater, surface water, terrestrial wildlife, avian wildlife, soil, scenic,
recreation, and air quality resources. They recommended that the EIS include
disclosure of impacts to water rights, disposal of fluids, re-injection storage, the
probability of leaks, the effects of leaks if they occur, and contamination avoidance
measures were requested. Some comments included a recommendation that hydraulic
fracturing be prohibited on the federal parcels of the project area. Other commenters
recommended No Surface Occupancy (NSO) requirements on all remaining leasable
lands on the Pawnee National Grassland.

Several respondents provided comments related to the need for a thorough
groundwater analysis that involves industry and science.

A few respondents provided comments related to the benefits of horizontal or
directional drilling with regard to minimizing environmental impacts. Some
respondents also provided comments related to the limitations of directional drilling;
the use of directional drilling must be determined on a case-by-case basis due to
industry cost, control, and technical limitations.

Some respondents provided comments related to soil degradation cause by increased
road and pipeline construction to support the oil and gas operations.
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e Some respondents provided comments related to potential effects to wildlife species
due to increased oil and gas operations and activity. The species listed included
terrestrial, avian, and particularly sensitive and threatened species, either federally or
state listed. These include: black-tailed prairie dogs, burrowing owls, swift fox,
mountain plover, ferruginous hawk, long-billed curlew, Brewer’s sparrow,
McCowan'’s longspur, chestnut-collared longspur, grasshopper sparrow, and Brewer’s
sparrow. The potential effects could be caused by the development of roads and
pipelines which can cause habitat fragmentation or degradation, edge effects, and
direct mortality.

e Some comments recommended stipulations in the Environmental Impact Statement
(EIS) for: no oil and gas development adjacent to or in prairie dog towns; wild-to-
wild relocation, which entails relocating prairie dogs from disturbed burrows to
vacant burrows in alternate locations; reverse dispersal translocation (RDT), which
entails coaxing prairie dogs out of an area and gradually closing down vacant
burrows; and restricting vehicles from within active prairie dog colonies.

o A few respondents provided comments related to negative effects on recreational
activities due to increased oil and gas operations and activity. The potential
reductions in bird species and populations, as well as visual obstructions caused by oil
and gas equipment were cited as potential causes for a reduction in bird watching
activity on the Grassland.

1.12. Issues Dismissed from Detailed Study

The following issues were dismissed from detailed study because they are either unaffected by a
leasing decision or because these resources are not present on the PNG.

Impacts on grazing allotments were dismissed from detailed study because the amount of
surface disturbance under the alternatives is expected to have a negligible reduction in
forage or exercise of grazing permits.

Impacts on rare plants were dismissed from detailed study because no rare plants or rare
plant habitat exists on the PNG.

Impacts to paleontological resources are dismissed from detailed study because surveys
will be required prior to any oil and gas development authorized on the PNG and any
avoidance of undiscovered paleontological resources would be required as Conditions of
Approval at the APD stage.

Impacts to existing special use permits or authorizations were dismissed from detailed
study because these authorizations primarily consist of underground pipelines and
transmission lines. These authorizations are not expected to be amended or otherwise
altered as a result of any potential future oil and gas development.
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Pawnee Oil and Gas EIS Chapter 2

Introduction

This chapter describes the alternatives considered by the Forest Service for the leasing decision.
It describes features common to all alternatives and a description of each alternative. Because a
leasing decision involves determinations of lands available for leasing and leasing stipulations,
the alternatives differ on what lands are available for leasing and what lease stipulations would
apply to future leases. The alternative descriptions also include a discussion of reasonably
foreseeable future development under each alternative.

In addition, to describing the alternatives, this chapter also includes:

(1) The Forest Service’s preferred alternative and the reasons for that preference.

(2) A description of alternatives considered but dismissed from detailed study and the
reasons why they were dismissed.

(3) A summary of the environmental impacts of the alternatives in comparison format. This
summary is drawn from the findings and analysis in Chapter 3 of this FEIS.

2. Alternatives Considered in Detail

This FEIS considers three alternatives in detail:

e Alternative 1-No Leasing Alternative
e Alternative 2-No Action Alternative
e Alternative 3-No Surface Occupancy Alternative (NSO Alternative)

These alternatives all have different combinations of PNG lands available for leasing and lease
stipulations. However, there are some portions of the PNG that are unlikely to be affected by
any of the alternatives.

The PNG includes about 46,000 acres of private mineral estate that is located underneath Forest
Service surface estate. These lands are unaffected by the availability and stipulation
determinations in the alternatives because a leasing decision only applies to the federal mineral
estate. Even though the Forest Surface manages the surface estate, it does not have the authority
to determine whether private mineral rights are leased or what terms are included in leases. The
Forest Service negotiates with private mineral estate holders to manage the NFS surface estate to
be as close as possible to the standards used for federal minerals.
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The PNG also includes about 43,000 acres of existing federal leases. These leases include
stipulations that were determined in the 1997 Forest Plan and are identical to those described in
the No Action Alternative. The Forest Service does not have the authority to cancel existing
leases or replace existing lease stipulations with new stipulations.  For this reason, this analysis
assumed existing stipulations remain on existing leases.

It is possible that existing leases could expire and be leased again. If this happens, the
availability and stipulation determinations in the alternatives would apply. Although this is a
possibility, it is very unlikely. This is because the Niobrara formation is a “proven” field and
over the past 20 years it has been extremely rare that a lease expires and is leased again. For this
reason, the FEIS assumes that, for all the alternatives, existing leases will continue under their
current terms.

2.1.No Leasing Alternative

Under the No Leasing Alternative, none of the unleased portion of the PNG would be available
for lease. Because lands would be unavailable for leasing, there are no leasing stipulations on
these lands. This alternative is required by regulation 36 CFR 228.102(c)(2)

2.1.1. Lands Available for Leasing and Stipulations

Under the No Leasing Alternative, approximately 100,000 unleased acres of the PNG would not
be leased. In addition, the 43,000 acres of existing leases, if they expired, would not be leased in
the future. Existing leases would be developed according to the stipulations identified in the
1997 Forest Plan.

Table 7 Summary of Acres of Available for Development under No Leasing Alternative

Acres Available for Lease 0
Acres of Existing Leases 43,000
Acres of PNG with Private Mineral Estate 46,000
Total Acres Available for Development on 89,000
the PNG

2.1.2. Reasonably Foreseeable Future Development

Under the No Leasing Alternative, there will be no well pads or wells located on the unleased
portion of the PNG because none of the unleased portion of the PNG will be available for lease.
Therefore, there will be zero acres of surface disturbance on those lands.

However, oil and gas development will probably continue in the area despite 100,000 acres of
the PNG being unavailable for lease. Itis likely that adjacent private and non-federal lands will
be developed. In addition, it is likely that existing leases on the PNG will also be developed.

20



If oil and gas development continues on these lands, it must avoid drilling through the unleased
portions of the PNG. Avoiding these areas is estimated to result in about 10% more surface
disturbance, wells, and well pads than projected under the RFD. This is because additional oil
and gas development infrastructure is needed to avoid unleased lands while developing non-
federal leases (see EIS section 3.11 for further discussion).

It is expected that development on adjacent non-federal lands, private lands, and leased federal
lands will result in approximately 1,279 acres of short term surface disturbance and 305 acres of
long term surface disturbance. Approximately 292 new and exploratory wells would be drilled
and; of those wells, 257 producing wells would remain in the long term. Surface disturbance and
wells would be located on non-federal lands adjacent to the PNG, lands above private mineral
estate on the PNG, and on existing leases on the PNG.
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Figure 3 No Leasing Alternative

Pawnee National Grassland Oil and Gas Leasing Analysis - Alternative 1 - No Leasing
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2.2.No Action Alternative

Under the No Action Alternative, the land availability and stipulation determinations made

during the 1997 Forest Plan Revision would continue. This means that approximately all of the
PNG would be available for lease except for 2,980 acres. These 2,980 acres include the Pawnee

Buttes Area (2,740 acres) and the Crow Valley Campground (240 acres).

Table 8 Summary of Acres Available for Development under the No Action Alternative

Acres Available for Lease 100,000
Acres of Existing Leases 43,000
Acres of PNG with Private Mineral Estate 46,000
Total Acres Available for Development on 189,000
the PNG

The stipulations identified in the 1997 Forest Plan would be included on any future leases (see
Appendix B). These stipulations apply to either specific lands on the PNG or when certain
resource conditions are present. For example, a No Surface Occupancy for active ferruginous
hawks nests applies if an active nest is located on the lease; whereas, a timing limitation for
mountain plover applies to any of the 143,000 acres of federal leases on the PNG.

Table 9 Existing Forest Plan Stipulations

Stipulation | Resource Time Area Buffer
Period Covered | Distance
Timing Mountain plover April 10- 143,000 N/A
Limitation July 10 acres
Timing Active raptor nests March 1- N/A 500 meters of
Limitation June 30 active raptor
nests
No Surface Active nests of bald Year round | N/A 500 meters
Occupancy eagles, golden eagles, from active
ferruginous hawks, nests
Swainsons’s hawks, and
red-tailed hawks
No Surface Active nest of prairie Year round | N/A 200 meters of
Occupancy falcons the top of cliffs
and 400 meters
from the
bottom of cliffs
containing
active nests.
No Surface Prairie Woodlands Year round | 1,339 N/A
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Occupancy acres

No Surface Research Natural Areas Year round | 7,300 N/A
Occupancy and Special Interest Areas

Controlled Soils/Slopes Year round | 408 acres | N/A

Surface Use

2.2.1. Reasonably Foreseeable Future Development

Under the No Action Alternative, it is likely that a portion of unleased lands, currently leased

lands, and private mineral estate on the PNG will have oil and gas development. Under the RFD,
the projection is for approximately 935 acres of short term surface disturbance and 177 acres of
long term surface disturbance on the PNG. Approximately 265 new and exploratory wells would

be drilled. Of those wells, 234 producing wells would remain in the long term.
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Figure 4 No Action Alternative

Pawnee National Grassland Oil and Gas Leasing Analysis - Alternative 2 - No Action
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2.3.No Surface Occupancy Alternative

The No Surface Occupancy Alternative (NSO Alternative) will allow nearly all lands on the
PNG to be available for lease. The exception is the Pawnee Buttes and Crow Valley
Campground areas—2,980 acres.

Table 10 Summary of Acres Available for Development under the No Surface Occupancy Alternative

Acres Available for Lease 100,000
Acres of Existing Leases 43,000
Acres of PNG with Private Mineral Estate 46,000
Total Acres Available for Development on 189,000
the PNG

Under this alternative, all 100,000 unleased acres of the PNG will include a NSO stipulation.
This stipulation would prohibit wells and well pads from being located on the lease. The 43,000
acres of existing leases would continue under the stipulations determined in the 1997 Forest Plan
Revision unless the lease is released by the lease holder. Those stipulations are summarized in
Table 9 under the No Action Alternative.

Table 11 Summary of Stipulations on Federal Mineral Leases under the No Surface Occupancy Alternative

Stipulation | Resource Area
Covered
No Surface Wildlife, Hydrology, 100,000
Occupancy Fisheries, Scenery, and acres
Recreation
1997 Forest | Wildlife, Management 43,000
Plan Area Direction, acres
Stipulations | Soils/Slopes, and Prairie
Woodlands

2.3.1. Reasonably Foreseeable Future Development

Under the NSO Alternative, no wells, well pads, or surface disturbance is expected on the
100,000 unleased acres on the PNG because lease stipulations will prohibit surface occupancy.
However, similar to the No Leasing Alternative, oil and gas development is still expected to
occur on already leased lands, private mineral estate, and adjacent private lands. If leases are
sold on the 100,000 acres of the PNG, it is likely that oil and gas operators will locate well pads
and wells on primarily private lands and horizontally drill into their leases.

Unlike Alternative 1, where operators must avoid federal leases, the NSO alternative would
allow leases to be sold. As a result, the increase in surface disturbance, wells, and well pads
under the No Lease Alternative is not expected under the NSO Alternative. Therefore, the
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projection for surface disturbance and wells is the same as under the No Action Alternative.
However, all surface disturbance and wells associated with these leases would be located on
private adjacent lands.
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Figure 5 No Surface Occupancy Alternative

Pawnee National Grassland Oil and Gas Leasing Analysis - Alternative 3 - No Surface Occupancy
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2.4.Summary Comparison of Alternatives

The alternatives differ in the amount of land available for leasing and what stipulations will be
included on those leases. These determinations are most immediately relevant to the unleased
portion of the PNG. This is because these lands (if available) could be nominated for lease sales
in the immediate future. The portions of the PNG with existing leases are likely to continue
under their terms and private mineral estate is not subject to federal leasing analysis.

Table 12 compares the alternatives in availability and lease stipulations for the 100,000 acres of
unleased land on the PNG.

Table 12 Land Available for Leasing and Stipulations for Unleased Portion of PNG

Alternative Acres Available | Acres Unavailable | Stipulations

for Leasing for Leasing
No Leasing 0 102,980 None
No Action 100,000 2,980 1997 Forest Plan Stipulations
No Surface 100,000 2,980 No Surface Occupancy
Occupancy

In order to get a complete picture of the lands available for leasing and lease stipulations across
the entire PNG, Table 13 includes already leased lands and private mineral estate. This table
assumes that private mineral estate holders will make leases available.

Table 13 Total PNG Acres Available for Leasing and Applicable Stipulations

Alternative Total Acres | Total Acres | Stipulations
Available for | Unavailable
Development | for Leasing
No Leasing 89,000 100,000 Existing 1997 Forest Plan stipulations
Leases
Private None
Minerals
Unleased None
No Action 189,000 2,980 Existing 1997 Forest Plan stipulations
Leases
Private None
Minerals
Unleased 1997 Forest Plan stipulations
No Surface 189,000 2,980 Existing 1997 Forest Plan stipulations
Occupancy Leases
Private None
Minerals
Unleased No Surface Occupancy
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2.5.Forest Service Preferred Alternative

The NSO Alternative is the Forest Service’s preferred alternative.

The Forest Service prefers this alternative because it allows for extraction of nearly all the oil
and gas resources while providing the most protection of surface resources and providing
opportunities for other multiple uses. Because horizontal drilling is expected to be used for
nearly all wells, it is possible to access the mineral estate without occupancy directly above the
leasehold. For this reason, even if a lease contains a NSO stipulation, it is expected that nearly
all the oil and gas can be recovered and that stipulations do not meaningfully influence
recoverability.

This alternative also results in no surface disturbance of the unleased portion of the PNG and the
fewest projected wells and well pads. While the No Leasing Alternative prohibits the sale of
federal leases (and occupancy of the PNG), this alternative results in more surface disturbance,
wells, and well pads on adjacent private lands. In addition, it does not provide any oil and gas
resources on the unleased portion of the PNG.

2.6.Alternatives Considered but Dismissed from Detailed Study

The Forest Service also considered six additional alternatives, but dismissed them from detailed
study. These alternatives were developed by during the NEPA analysis or brought forward by
commenters during the comment period on the FEIS. These alternatives and the reasons they
were dismissed are described below.

2.6.1. Leasing under Standard Lease Terms

This alternative would make nearly all lands available for leasing on the PNG. The unleased
portion of the PNG would be subject to only standard lease terms (SLTs). In other words, there
would be no resource specific stipulations on unleased lands.

This alternative was dismissed for detailed study because SLTs will not provide sufficient
protection of resources or met Forest Plan goals and objectives. For several resources,
stipulations that allow the Forest Service to relocate oil and gas development more than 200
meters and restrict operations more than 60 days are necessary. For example, buffers beyond
200 meters are needed to protect nests and timing windows beyond 60 days are necessary to
mountain plover. In addition, there are several resources where a no surface occupancy
stipulation was necessary.

2.6.2. Leasing with Additional Resource Stipulations
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This alternative would make nearly all lands available for leasing on the PNG. This alternative
included all stipulations identified in the 1997 Forest Plan and additional resource specific
stipulations for wildlife, hydrology, cultural resources, fisheries, and scenery.

This alternative was dismissed from detailed study because it is very similar to the NSO
Alternative which is already considered in detail. Taken together, the stipulations under this
alternative resulted in a majority of the PNG being subject to an NSO stipulation. Because the
NSO Alternative is already being considered in detail, this alternative was dismissed from
detailed analysis. In addition, oil and gas recoverability was identical to the NSO Alternative and
there was no tradeoff identified that would warrant the risk to surface resources on the small
portion of non-NSO lands.

2.6.3. Alternative that designates a portion of the PNG as unavailable for leasing
and a portion that is available, but subject to an NSO stipulation

This alternative was dismissed from detailed study because it will result in greater risk to surface
resources (i.e. more wells and well pads) without any benefit to oil and gas recovery. This is
because not leasing PNG lands is expected to result in greater oil and gas development than
leasing. The FEIS includes an analysis of four townships on both the east and west sides of the
PNG comparing development with and without leasing. The analysis indicates that between 10-
50% more surface disturbance is associated when the PNG is not leased (see FEIS pp. 41-48).

The essence of Forest Service mineral policy is to encourage energy development in an
ecologically sound manner. This alternative will result in federal minerals being lost, while
increasing surface disturbance and environmental impacts. Although the increase in
development and loss of minerals will be less than the No Leasing Alternative,* it is contrary to
Forest Service minerals policy and the purpose and need (see EIS pp. 8-9).

2.6.4. Alternative that adds additional resource based stipulations to the NSO
alternative

This alternative was dismissed from detailed study because its environmental impacts will be
identical to the NSO Alternative. Under the NSO Alternative, no wells or well pads can be
located on the leasehold. Identifying stipulations; such as, timing limitations or controlled
surface use, are unnecessary because wells and well pads are prohibited from being located on
the entire leasehold. For example, adding a timing limitation (e.g. construction cannot occur in
August) is not necessary when construction is already prohibited altogether and year round. In
addition, Forest Service leasing regulations are only applicable to leases on National Forest

*! Forest Service leasing regulations at 36 CFR 228.102 requires the Forest Service analyze an alternative that does
not allow leasing. For this reason it was included for detailed study.
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System lands and to operations that are conducted on Federal oil and gas leases on National
Forest System lands.22

2.6.5. Alternative that prohibits hydraulic fracturing on the PNG and within 3
miles of its borders

This alternative was dismissed from detailed study because it is outside of the Forest Service’s
authority. The Forest Service does not have authority over whether non-Forest Service lands can
be leased. In addition, the FEIS includes an analysis of a No Leasing Alternative.

2.6.6. Alternative with two separate leasing decisions—one for the east side and one
for the west side of the PNG

This alternative was dismissed from detailed study because the FEIS includes a leasing analysis
for the entire PNG. While the west side of the PNG contains more contiguous Forest Service
lands than the east side and may require longer lateral drilling, the oil and gas is still recoverable
regardless of stipulations on surface occupancy. It is not clear how two leasing decisions would
be any different than analyzing both areas under one leasing decision.

?2 See 36 CFR 228.100(b).
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2.7.Summary of Environmental Impacts by Alternative

The following summarizes the environmental impacts of the three alternatives considered

in detail.

Table 14 Summary Comparison Table

Resource Resource No Leasing No Action No Surface
Subcategory Alternative Alternative Occupancy
Alternative
Wildlife Forest Service May impact May impact May impact
Sensitive Species individuals but is individuals but is individuals but is
not likely to result not likely to result in | not likely to result
in a loss of viability | a loss of viability in | in a loss of
in the planning area | the planning area or | viability in the
or cause a trend in cause a trend in planning area or
federal listing federal listing cause a trend in
federal listing
Forest Service Neutral influence on | Negative influence Neutral influence
Management most species habitat | on most species on habitat and
Indicator Species and neutral habitat and negative | neutral influence
influence on local influence on local on local
population population population
Hydrology Moderate Risk Moderate/High Risk | Low Risk
Air Low Low Low
Fisheries Forest Service May impact Likely toresultina | May impact

Sensitive Species

individuals but is
not likely to result
in a loss of viability
in the planning area
or cause a trend in
federal listing

loss of viability in
the Planning Area,
or in a trend toward
federal listing

individuals but is
not likely to result
in a loss of
viability in the
planning area or
cause a trend in
federal listing

Management Slightly negative Negative effect on Slightly negative
Indicator Species effect on individuals | individuals and effect on
and populations populations individuals and
populations
Fluid Minerals 0% recovery of oil 100% recovery of 100% recovery of
and gas resources oil and gas resources | oil and gas

(178 million barrels
of oil and 356 MCF
of gas will be
produced from
existing leases)

(590 million barrels
of oil and 1180
MCEF of gas will be
produced from
existing and
unleased lands)

resources (590
million barrels of
oil and 1180 MCF
of gas will be
produced from
existing and
unleased lands)

Heritage

Significant Impacts

Significant Impacts

No Significant
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to Cultural to Cultural Impacts to
Resources Resources Cultural
Resources
Recreation Low High Low
Scenery Moderate/Low Moderate Low
Economics Federal Revenues 72.8M 242M 242M
State Revenues 120M 408M 408M
Weld County 55M 223M 223M
Revenues
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Pawnee Oil and Gas EIS Chapter 3

Introduction

This chapter describes the environmental impacts of the alternatives. It provides analysis
on current resource conditions and a prediction of the environmental impacts of the
alternatives on those conditions. The aim is to provide an understanding of what the
environmental impacts will be and how those impacts compare across alternatives.
Section 2.7, at the end of Chapter 2, includes a summary and comparison of those
impacts; however, this chapter explains in more detail how the Forest Service arrived at
those conclusions.

Environmental impacts are organized under specific affected resources. However, this
chapter also includes a general discussion of the environmental impacts of oil and gas
development. This discussion is included because predicting environmental impacts of
oil and gas development for a leasing decision does not involve any specific proposal for
development. Because no specific proposal is available, this general discussion lays the
foundation of the overarching environmental impacts that are discussed in more detail
under each resource. It also helps to identify some of the common environmental
concerns about oil and gas development.

In addition, this chapter also includes a description of the common terms and typical
stages of oil and gas development to assist in understanding impacts.

This chapter also includes a discussion of primary assumptions about how future oil and
gas development may occur under the alternatives. While the RFD provides a projection
of the amount of oil and gas that could occur if the PNG was entirely available for lease
under standard leasing terms, none of the alternatives propose this. As a result, this EIS
makes assumptions on how the RFD projection applies to the alternatives. It also makes
assumptions on how oil and gas development could occur (i.e. what a likely APD and
SUPO would propose). Because the environmental impacts of oil and gas development
are contingent on both the amount and specifics of development, these assumptions
influence how the environmental impacts disclosed.

3.10il and Gas Development

In order to understand the environmental impacts of oil and gas development, this section
provides a broad overview development of an oil and gas lease. Oil and gas development
usually follow a staged process. These stages are described below.

Mineral Leasing
During the mineral leasing stage, companies acquire leases that allow for oil and gas

development. For federal minerals, these leases specify stipulations on where and when
development of leases may occur.
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The Forest Service’s leasing analysis and decision determines what lands are available
for lease and what stipulations are included in any leases sold.

Permits

When a federal lease is purchased, the operator must obtain a permit from BLM
authorizing the drilling of a well. This permit is referred to as an APD. The APD
includes both a surface use and drilling plan. These plans are evaluated under NEPA and
may require site-specific environmental protection measures (sometimes referred to as
“Conditions of Approval”). These measures address specific elements of the APD and
enhance protection of resources that may be impacted by development of the lease.

Roads and Pad Construction

Once all permits are obtained, roads are usually constructed to access the well site and
well pads are developed. Well pads are constructed in order to accommodate the drilling
rig and other equipment during the drilling process.

Figure 6 Example of Well Pad Construction

Drilling

The drilling rig drills the well. A steel pipe casing is placed into the hole and cemented
in place. Once the casing is cemented in place, a perforating gun with shaped explosive
charges is lowered into the rock layer containing oil and natural gas. The perforating gun
is fired and creates perforations in the rock layer which connects the reservoir and the
well.
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Figure 7 Example of Drilling

Hydraulic Fracturing

Hydraulic fracturing fluids are pumped under high pressure into the formation. The fluid
consists primarily of water but also include sand and other chemicals. These fluids create
fractures in the perforations that allow oil and gas to flow into the well bore.

Figure 8 Example of Hydraulic Fracturing

Production
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After hydraulic fracturing is completed, the well is placed into production. A producing
well does not require a drilling rig and other infrastructure needed for drilling and
fracturing. Therefore, the parts of the well pad that are no longer needed are reclaimed.
A well may stay in production for between 30 and 50 years.

Figure 9 Example Producing Well with Interim Reclamation Completed

Maintenance

Once a well is in production, it may require periodic cleaning, repair, or maintenance
over the course of its productive life.

Plugging and Abandonment

Once all of the oil and gas that can be recovered economically has been reached, it is
plugged and abandoned. Plugging consists of filling the casing with cement and the well
is cut off between three and six feet below the surface and buried. The remaining surface
disturbance; including well pads and access roads, are reclaimed back to native
vegetation.

3.2General Environmental Concerns or Impacts of Oil and Gas
Development and Hydraulic Fracturing
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The environmental impacts of oil and gas development ultimately depend upon location,
formation, surface use development, and many other factors. However, there are several
potential impacts that are commonly voiced with oil and gas development. These
impacts and concerns are described below in order to provide context for the resource and
PNG specific discussion of environmental impacts in Sections 3.6 through 3.17.

Groundwater and Surface Water Contamination

There is possibility that hydraulic fracturing poses a risk of water contamination.?
Contamination is potentially due to three possibilities. First, hydraulic fracturing may
produce fissures that allow fluids to migrate into water sources. Second, the well casing
might fail; allowing fluids to escape into underground drinking water. Third, accidental
spills at the surface could contaminate surface water or seep into groundwater.

Migration

Migration involves the possibility that hydraulic fracturing fluids have the potential to
travel through fissures into water sources. Because a percentage of fluids remain
underground upon completion of the hydraulic fracturing process, some concern has been
raised that these fluids will migrate into drinking water sources.

Although risk from migration is possible, this risk is limited for two reasons. First, any
fluids left behind are likely to be isolated far below any ground water sources and the
force of gravity makes it unlikely that these fluids would migrate upward into
groundwater sources. Second, in most cases there is over a mile of impermeable rock
that separates oil and gas targets from ground water.

Casing or Cement

Improper casing or cementing can create a possibility that hydraulic fracturing fluids or
natural gas can migrate into ground water and properly drilling and casing a well is one
of the most important aspects for protecting water resources. The most commonly
reported instance of casing failure is when improper casing or cementing allows methane
to enter groundwater. One study from MIT noted that, of 43 publically reported incidents
relatzeid to gas well drilling, 20 were related to contamination of groundwater by natural
gas.

While contamination of groundwater is uncommon; there are reported occurrences.
However, there is no definitive conclusion of how common this occurs and estimates
range from 7% to .03% with varying levels of supporting analysis. Regardless of how
likely contamination of groundwater due to improper cementing or casing is; in general,

% For example, at the request of Congress, EPA is “conducting a study to better understand any potential
impacts of hydraulic fracturing for oil and gas on drinking water resources.” Results of this study are not
available; however, a draft report is expected in early 2015. See http://www?2.epa.gov/hfstudy.

** See “The Future of Natural Gas.” Available at: http://mitei.mit.edu/publications/reports-
studies/future-natural-gas
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the more oil and gas wells, the greater the likelihood that improper casing may cause
groundwater contamination.

Surface Spills

Hydraulic fracturing fluids, oil, gasoline, and other chemicals are handled above ground
before and after injection. This creates a contamination risk from spills, run-off, or
seepage. Spills are somewhat common in oil and gas development. Of the 43 publically
reported incidents, 14 were related to surface spills. In addition, the Colorado Oil and
Gas Conservation Commission (COGCC) maintains a database of spills.?® Using this
database, it has been reported that during 2014 there were an average of two spills per
day in Colorado, 521 from January 2014 through July 2014, and 575 in 2013.%° In
addition, some of these spills affected groundwater and surface water.

Surface spills can pose environmental risk. Spills have the potential to contaminate both
surface and groundwater and, depending on the chemicals, can render soil unsuitable for
vegetative growth. Spills that contaminate surface water can also pose a risk to aquatic
species.

The magnitude of risk and impacts will depend on several factors; including, cleanup and
remediation efforts, where the spill occurs, and how much fluid is spilt. However, in
general, the more oil and gas development, the greater the risk that spills and associated
impacts will occur.

Wildlife

Oil and gas development necessarily involves surface disturbance and traffic. Asa
general matter, any increase in surface disturbance and traffic adversely affects wildlife
and their habitat. This can be either because habitat is reduced because of construction of
roads and well pads or because wildlife does not tolerate traffic and human activity. In
addition, surface spills involving surface waters can harm aquatic species.

Surface disturbance with oil and gas development differs between the short term and long
term. The short term surface disturbance associated with constructing a well pad and
drilling the well is much greater than the long term disturbance for a producing well.

This is because of reclamation. For example, a pad with four wells is expected to have a
short term surface disturbance of 12 acres; however, once the well is producing,
approximately 11 acres can be reclaimed.

The degree of impact to wildlife depends on many factors; including, habitat prevalence,
current health of the species, length of disturbance, and individual species tolerance for

2> See COGCC database at: http://cogcc.state.co.us/
%% See Denver Post at: http://www.denverpost.com/environment/ci 26233762/oil-and-gas-spills-surge-
three-day-residents
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disturbance. In addition, the location of well pads or roads is critical. However, as a
general matter, the less surface disturbance and traffic the less risk of impacts to wildlife.

Air Quality

Oil and gas operations contribute to air pollution by emitting carbon dioxide and other
pollutants into the air. Gas powered compressors and vehicle traffic to and from well
pads emit carbon dioxide and other pollutants. In addition, oil and gas development
results in the emissions of criteria pollutants, including carbon monoxide, nitrogen
oxides, sulfur dioxide, particulate matter, and volatile organic compounds (VOCs). With
respect to VOCs, EPA has found that the oil and gas industry is the largest industrial
source of these emissions.?’

While emissions are a fact of life in oil and gas development, there are initiatives or best
management practices available to both industry and federal permitting agencies. For
example, the EPA’s Natural Gas STAR Program is voluntary program that encourages oil
and natural gas companies to adopt cost-effective technologies and practices that improve
operational efficiency and reduce emissions of methane.?® BLM also has developed air
resource best management practices that can be required as Conditions of Approval for
any permit to drill.”

In addition, the Clean Air Act (CAA) gives EPA the authority to set limits on certain air
pollutants; including limits on how much can be in the air anywhere in the United States.
The CAA also gives EPA the authority to limit emissions of air pollutants coming from
certain sources.*® The EPA recently adopted New Source Performance Standards
specific to the oil and gas industry. Therefore, regardless of the level of oil and gas
development proposed or projected, the CAA provides some assurance that federal
permitting of oil and gas development will not cause these limits to be exceeded.

3.3Why No Leasing results in more surface disturbance, wells, and
well pads.

The FEIS concludes that No Leasing results in the greatest total surface disturbance, wells, and
well pads of all the alternatives. This is because the No Leasing creates inefficiencies in the
drilling plan. Due to the checker-board land pattern, the No Leasing alternative results in shorter

?” See EPA Basic Information on Oil and Natural Gas Air Pollution Standards. Available at:

http://www.epa.gov/airquality/oilandgas/basic.html

?® See EPA Natural Gas STAR program. Available at: http://www.epa.gov/gasstar/

*° See BLM Air Resource BMPs and Comprehensive Air Resource Protection Protocol (CARRP). Available

at:

http://www.blm.gov/pgdata/etc/medialib/blm/wo/MINERALS REALTY AND RESOURCE PROTECTION
/bmps.Par.60203.File.dat/WO1 Air%20Resource BMP_Slideshow%2005-09-2011.pdf

http://www.fs.usda.gov/Internet/FSE_ DOCUMENTS/stelprdb5436475.pdf

*® These standards are available at: http://www.gpo.gov/fdsys/pkg/FR-2012-08-16/pdf/2012-16806.pdf
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horizontal wells and an increase in the number of wells, well pads, pipeline, and roads to avoid
the federal mineral acreage and still develop the interspersed fee mineral acreage.

Because it is somewhat counterintuitive why making federal mineral estate unavailable for
leasing results in more oil and gas infrastructure than leasing, an analysis comparing development
was completed. The analysis projects how oil and gas development will occur—with and without
federal leasing—on four townships on the PNG. The analysis includes townships on both the east
and west portions of the PNG. Based on the analysis, surface disturbance increases between 10%
to 50% when comparing the No Leasing Alternative to the NSO Alternative.

The assumptions for this analysis include:

The horizontal laterals can reach approximately 2 miles.
There are between six to eight wells per pad.
Wells are drilled in the North-South direction.

The oil in place was 70 million barrels of oil (MMBO) per section with a 7.5% recovery
factor.

The federal royalty was 12.5%

The commaodity price was based on the average crude oil prices for the past year in the
DJ Basin from Plains Marketing, LP (i.e., $85 per barrel).

The surface disturbance was based on the RFD with 10 acres of pad disturbance per pad,
0.91 acres of road disturbance per pad, and 1.1 acres of pipeline per pad.

Current and planned development was not examined during this review. The review was
to determine the approximate range of disturbance possible based on real examples of the
checker-board pattern of mineral ownership and the current development would have
lowered the average since there are current inefficiencies in the current development due
to unleased minerals.
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Figure 10 Well and pad analysis for the No Leasing Alternative in T. 9 N. R. 58 W.
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Figure 11 Well and pad analysis for the NSO alternative in T. 9 N. R. 58 W.
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Based on the above review of the Township, Error! Reference source not found.
ummarizes the impacts on surface disturbance for the No Leasing and NSO alternatives.

Table 15. Summary of the theoretical impacts from the No Leasing and NSO alternatives in T.9 N. R. 58 W.

Alt. 1: No Leasing Alt. 3: NSO

No. of Pads 72 48
Acres Disturbed 864.7 576.5
Recoverable Reserves (MMBO) 160.4 188.9
Federal Production Lost (MMBO) 28.5 0.0
Federal Royalty from Unleased Federal Minerals S0 $303,195,000

Based on the review of T. 9 N. R. 58 W., the surface disturbance increases by 50% when the No
Leasing alternative is compared to the NSO alternative.

Figure 12 Well and pad analysis for the No Leasing alternative in T. 9 N. R. 58 W.
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Figure 13 Well and pad analysis for the NSO alternative in T. 9 N. R. 63 W.
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Based on the above review of the Township, Table 2 summarizes the impacts on surface

disturbance for the No Leasing and NSO alternatives.

Table 16. Summary of the theoretical impacts from the No Leasing and NSO alternatives in T. 9 N. R. 63 W.

Alt. 1: No Leasing Alt. 3: NSO
No. of Pads 55 52
Acres Disturbed 660.6 624.5
Recoverable Reserves (MMBO) 105.1 188.9
Federal Production Lost (MMBO) 83.8 0.0
Federal Royalty from Unleased Federal Minerals SO $890,417,500

Based on the review of T. 9 N. R. 63 W., the surface disturbance increases by 15% when the No

Leasing alternative is compared to the NSO alternative.
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Figure 14 Well and pad analysis for the No Leasing alternative in T. 9 N. R. 64 W.
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Based on the above review of the Township, Table 3 summarizes the impacts on surface
disturbance for the No Leasing and NSO alternatives.

Table 17. Summary of the theoretical impacts from the No Leasing and NSO alternatives in T. 9 N. R. 64 W.

Alt. 1: No Leasing Alt. 3: NSO
No. of Pads 61 48
Acres Disturbed 732.6 576.5
Recoverable Reserves (MMBO) 164.7 188.9
Federal Production Lost (MMBO) 24.3 0.0
Federal Royalty from Unleased Federal Minerals SO $257,890,000

Based on the review of T. 9 N. R. 64 W., the surface disturbance increases by 27% when the No
Leasing alternative is compared to the NSO alternative.

Figure 16 Well and pad analysis for the No Leasing alternative in T. 9 N. R. 65 W.
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Figure 17 Well and pad analysis for the NSO alternative in T. 9 N. R. 65 W.
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Based on the above review of the Township, Table 4 summarizes the impacts on surface
disturbance for the No Leasing and NSO alternatives.

Table 18. Summary of the theoretical impacts from the No Leasing and NSO alternatives in T. 9 N. R. 65 W.

Alt. 1: No Leasing Alt. 3: NSO
No. of Pads 69 48
Acres Disturbed 828.7 576.5
Recoverable Reserves (MMBO) 142.2 188.9
Federal Production Lost (MMBO) 46.7 0.0
Federal Royalty from Unleased Federal Minerals S0 $496,612,500

Based on the review of T. 9 N. R. 64 W., the surface disturbance increases by 44% when the No
Leasing alternative is compared to the NSO alternative.

Summary

The four different townships include both smaller scattered tracts and larger more consolidated
tracts of federal minerals. This analysis concludes that the anticipated additional surface
disturbance varies from between 10% to 50% more surface disturbance with the No Leasing
alternative.

3.4Incomplete and Unavailable Information
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Forecasting environmental impacts of projected oil and gas development necessarily
involves imperfect information. There are two specific challenges to disclosing the
environmental impacts for a leasing decision.

(1) At the time a leasing analysis and decision is made, there are no specific
proposals for oil and gas development to evaluate. It is unknown precisely where
or how development will occur. In addition, APDs are subject to an additional
NEPA process where Conditions of Approval are determined, which greatly
influence environmental impacts. These details are critical to disclosing the
actual impacts of oil and gas development.

(2) There are no conclusive or definitive studies or consensus on the risk or
environmental impacts of unconventional oil and gas wells. While there are
numerous studies have assessed the impacts of shale gas development, not all of
the environmental effects are clear.*

3.5Assumptions

This section identifies the primary assumptions used for the analysis. These assumptions
mainly relate to where and how oil and gas development may occur under the
alternatives.

(1) The Forest Service will have little, if any, control over use of the surface above
private mineral estate within the PNG.

(2) The No Leasing Alternative will result in about 10% more wells, well pads, and
surface disturbance because of additional infrastructure needed to avoid unleased
areas.

(3) The No Leasing Alternative and NSO Alternative will likely result in well pads
being located on adjacent private lands, but it’s not determinable exactly where.

(4) In the short-term (less than 1 year) a typical well pad will disturb 12 total acres
(10 acres for the well pad, 1 acre for the road, and 1 acre for the pipeline). In the
long term (after 1 year) a typical well pad will disturb 1.5 acres (1 acre for the
pad, .5 acres for the road, and zero for the pipeline—because it’s buried
underground).

(5) Existing leases on NFS lands will be developed according to the 1997 Forest Plan
Stipulations.

(6) All new productive wells will be on the landscape for between 30 to 50 years.

(7) Horizontal drilling will almost exclusively be used to access oil and gas.

(8) The success rate for wells is very high—between 87 and 90 percent.

(9) Reclamation will occur for all oil and gas development—regardless of whether it
is on NFS or non-NFS lands.

* The Secretary of Energy Advisory Board (SEAB) published a 90-day report recognizing there is “...great
merit to creating a national database to link as many sources of public information as possible with
respect to shale gas development and production. Much information has been generated over the past
ten years by state and federal regulatory agencies. Providing ways to link various databases and, where
possible, assemble data in a comparable format, which are now in perhaps a hundred different locations,
would permit easier access to data sets by interested parties.” Available at:
http://www.shalegas.energy.gov/resources/111811 final report.pdf
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(10) QOil and Gas development will occur under COGCC rules regardless of whether it
occurs on NFS or non-NFS lands. If development is on NFS lands with federal
mineral estate, it will also be subject to federal lease stipulations and BLM
Conditions of Approval.

3.6 Affected Environment and Environmental Consequences

The following sections describe the affected environment and environmental
consequences of the alternatives. These sections are organized around the specific
resources analyzed in this EIS.

3.7 Hydrology and Soils Resources

Overview of Issues Addressed
1. Areas where surface water and groundwater resources are susceptible to
degradation
a. Indicators: acres available for development with high risk to surface water
and groundwater resources.
2. Areas with soils that have high erosion potential and are near streams, lakes,
springs, wetlands, floodplains, and riparian areas (including riparian veg).
a. Indicators: acres available for development with high erosion potential or
near to water resources.

Desired Condition

The goal of the Forest Plan is to improve and protect watershed conditions to provide the
water quality and soil productivity necessary to support ecological functions and
beneficial uses of water. In the desired future condition:
e State standards for water quality are attained and habitat condition supports the
designated beneficial uses.
o Total watershed disturbance, measured by the amount of riparian disturbance and
connected disturbed area, is limited to a level that maintains or improves stream
health.

3.7.1 Affected Environment/Existing Condition

Introduction

The Pawnee National Grassland (PNG) is located in Northeastern Colorado. It is on the
east side of the Continental Divide and in the rain shadow of the Rocky Mountains. The
area is in the Central Shortgrass Prairie ecoregion (Wohl et al., 2009). The climate is
semi-arid (SGS-LTER, 2010). The landscape is dominated by gently rolling hills with
gentle gradient slopes (average slope gradient is <7%). The northern part of the grassland
has high bluffs, arroyos, and box gullies. The valleys and swales range from broad-
bottom to narrow down-cut shapes.
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Dominant plant species include blue grama grass, threeawn grass, fringed sage,
rabbitbrush, snakeweed, ring muhly, prickly pear cactus, western wheatgrass, scurf pea,
sand sage, soapweed, and scarlet globemallow. Several aquatic plants are located in
wetlands, including sandbar willow and cottonwood trees. These are located along some
riparian corridors. There are also some juniper trees located in the Northern region of the
grassland (Wohl et al., 2009).

Watersheds

The Hydrologic Unit Code (HUC) system is used nationally to code watersheds from
largest (HUC?2) to smallest (HUC6). The HUC6 number is the watershed’s HUC number,
6" level. AHUC 6 watershed has a size range from 5,000 to 40,000 acres. FS managed
lands on the PNG falls within 39 HUC 6 watersheds. The watersheds where the majority
of FS lands with important hydrologic resources occur are listed in Table 15 and shown in

Figure 6.

Table 19 HUC6 watersheds representing 60% of FS lands on the PNG

HUC 6 WS name/#

WS size
(acres)

Acres/% FS
lands in WS

Watershed Condition
Class (WCCQC)

WEST SIDE

Little Owl Creek/
101900080302

26,391

3,496/13%

2- Functioning at Risk

Eastman Creek-Owl
Creek/
101900080303

23,599

6,313/27%

2- Functioning at Risk

Lower Geary Creek/
101900090306

17,396

8,504/49%

2- Functioning at Risk

Lower Willow
Creek-Little Crow
Creek/
101900090308

17,605

7,882/45%

2- Functioning at Risk

Wildhorse Creek/
101900090401

14,963

2,801/19%

2- Functioning at Risk

Headwaters Coal
Creek/
101900090402

28,076

11,692/42%

2- Functioning at Risk

Howard Creek-Crow
Creek/
101900090501

25,367

9,864/38%

2- Functioning at Risk

Sand Creek/
101900090502

32,147

15,332/48%

1-Functioning Properly

EAST SIDE

Twomile Creek/
101900120801

35,195

4,018/11%

2-Functioning at Risk

Headwaters Cedar
Creek/
101900120803

25,810

1,666/6%

1-Functioning Properly

Headwaters Wild

28,399

8,636/30%

1-Functioning Properly
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Horse Creek/
101900140202

101900140203

40,487

13,202/33%

1-Functioning Properly

Outlet Wild Horse
Creek/
101900140204

14,234

4,671/33%

2-Functioning at Risk

Upper South Pawnee
Creek/
101900140205

16,676

3,026/18%

2- Functioning at Risk

Middle South
Pawnee Creek/
101900140206

25,413

10,359/41%

2- Functioning at Risk
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Figure 18 HUC6 watersheds representing 60% of FS lands on the PNG
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The Forest Service portions of the watersheds have been rated with the National
Watershed Condition Class (WCC) rating system (USDA-FS, 2011). The WCC system is
a national forest-based, reconnaissance level evaluation of watershed condition based on
a core set of national watershed condition indicators. The system relies on professional
judgment exercised by forest interdisciplinary (ID) teams, GIS data, and national
databases to the extent they are available, and on written rule sets and criteria for
indicators that describe the three watershed condition classes: functioning properly (Class
1), functioning at risk (Class 2), and impaired function (Class 3). Private lands are not
rated, but they are generally more highly developed than National Forest System (NFS)
or National Park lands (i.e. residential and commercial developments, and agricultural
use). The Forest Service has considerably less information on specific land use and
watershed conditions for private lands than on adjacent Forest Service lands. The WCC
system consists of 12 watershed condition indicators: Water Quality, Water Quantity,
Aguatic Habitat, Aquatic Biota, Riparian/Wetland Vegetation, Roads and Trails, Soils,
Fire Regime or Wildfire, Forest Cover, Rangeland Vegetation, Terrestrial Invasive
Species, and Forest Health. Each of the 12 indicators is given a rating, which is then
averaged into the overall WS rating. Watersheds on the PNG all fall into either Class 1 or
2.

Climate and Hydrology

Temperature and moisture are significant variables that influence soil fertility. For
vegetative growth on the PNG, available moisture is the most limiting factor. Historical
data shows a trend of increased temperature (1941-2005) and precipitation (1931-2005)
in Colorado over time. The entire grassland area experienced a severe drought in 2002,
especially when considering precipitation patterns over the last century. For New
Raymer, it has taken eight years to reach the 15 inches per year average that it held from
1970 to 2000 (CSU Climate Center 2010).

The area has greatest monthly precipitation inputs during May through August (NCDC,
2010; Sala and Laurenworth, 1982). Storms are typically of short duration and high in
intensity (Sala and Laurenworth, 1982). Precipitation events during these months can be
intermittent showers with heavy runoff (SGS-LTER, 2010). High temperatures create a
water deficit on the PNG because potential evapotranspiration (PET) is high, ranging
from 2 to 10 times more than annual precipitation rates (Sala et al. 1992).

Runoff on the PNG does occur, but usually under specific circumstances. Some drainages
connect to larger systems but some of them drain into playas or topographic low spots.
The years that actual water is observed in intermittent streams is very sporadic and occurs
infrequently. Flow in the intermittent streams on the PNG tends to be sporadic and
infrequent.

During heavy rains, erodible soils (especially where bare and exposed) are scoured from
drainages, resulting in bank widening, gullies and rills. Erosion and sedimentation can be
exacerbated by human caused changes to the watersheds. For example, the Natural
Resource Conservation Service (NRCS) suggests that changes in vegetation from native
to invasive plants can decrease infiltration rates (USDA-NRCS, 2003). Roads, trampling
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and other removal of vegetative cover have also been shown to influence watershed
characteristics and runoff potential.

Streams, lakes, and other water sources

Sources of water, which are limited on the PNG, include streams, potholes, playas, and
subsurface groundwater. The general orientation of stream drainages is northwest to
southeast. On the grassland there are approximately 1,600 miles of ephemeral channels,
1,800 miles of intermittent channels, and less than 2 miles of perennial streams (Figure 7.
Potholes are also a source of perennial water on the PNG. They are found in stream
channels and are fed from ground water or resupplied during spring runoff, with most
being permanently wet. There are approximately 33 miles of stream on Forest Service
lands within PNG boundary that are suitable fish habitat, which includes perennial
streams as well as some intermittent streams that have perennial pockets of water.
Twelve of the 33 miles are confirmed to be occupied by fish.

The Colorado Department of Public Health and Environment (CDPHE, 2012) classifies
streams, tributaries and open bodies of water on the PNG as Aquatic Life Warm 2,
Recreation (E, U, N), water supply, and agriculture. Currently, no streams on the PNG
are listed on the State 303d list (CDPHE, 2012) and are presumed to be meeting
standards for their uses.

Playas are another important water source on the PNG. Playas are shallow clay-lined
depressions on the landscape fed exclusively by precipitation events and overland flow or
runoff from surrounding lands (PLJV, 2007). The high clay content in playas helps to
impound water on the surface, although not throughout the entire year. During dry
periods, it is not uncommon for as much as 50% of a playa bed to be without vegetation
or water. Playas existing on FS managed lands are gaining more recognition as
ecologically valuable because of the unique habitats they provide for various forms of
terrestrial wildlife and aquatic species, and for their contribution to recharging the
groundwater aquifer through cracks that form in the soil during dry periods.
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Figure 19 Streams, lakes, and other water sources on the PNG
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Wetlands, Riparian and Prairie Potholes areas

Wetlands and deep-water habitats are essential ecosystems. Wetlands protect water
quality by trapping sediments and retaining excess nutrients and other pollutants such as
heavy metals. These functions are especially important when a wetland is connected to
groundwater or surface water sources (such as rivers and lakes) that are in turn used by
humans for drinking, swimming, fishing, or other activities. Wetlands connected to
groundwater systems or aquifers are important areas for groundwater exchange. They
retain water which provides time for infiltration to occur. Groundwater, in turn, provides
water for drinking, irrigation, and maintenance of streamflow and lake and reservoir
levels.

Known wetlands on the PNG were overlaid with the U.S. Fish and Wildlife Service
National Wetlands Inventory (NWI1) database (USFWS, 2014) (Figure 8). Wetland digital
data from Pawnee National Grassland were downloaded from the NWI online wetlands
mapper, transferred to a Geographic Information System project and manually digitized
after aerial photography verification from two different seasons (two 2013 NAIP
(National Agriculture Imagery Program) images).

The National Wetland Inventory (NW1) from the US Fish and Wildlife classified
wetlands on PNG lands (USFWS, 2014) as part of the palustrine or riverine system
(Cowardin et al., 1979). The palustrine system groups the vegetated wetlands
traditionally called by such names as marsh, swamp, bog, fen, and prairie, which are
found throughout the United States (USFWS, 2014). The riverine system includes all
wetlands and deepwater habitats contained within a channel, dominated by trees, shrubs,
persistent emergents, emergent mosses, or lichens.

There are 677 acres of mapped wetlands on Forest Service lands, including one reservoir,
the Bringleson Reservoir (9 acres on the East side) (Figure 8. Most of these wetlands on
Forest Service lands are classified by the National Wetland Inventory as Palustrine
Emergent Wetlands some are artificially flooded or intermittently flooded. Less than 15
percent of wetlands on Forest Service lands are classified as riverine streambed
intermittent/lower perennial wetlands/deepwater habitats.

Riparian zones are important natural biofilters, protecting aquatic environments from
excessive sedimentation, polluted surface runoff and erosion, and are instrumental in
water quality improvement for both surface runoff and water flowing into streams
through subsurface or groundwater flow.

Riparian areas and prairie potholes were manually digitized from the PNG Watershed
Inventory Network database (WIN). The WIN database display geographically
coordinated points surveyed on the Forest Service lands of the Pawnee National
Grassland during 2008 and 2009. The feature boundaries were manually digitized using
the WIN survey and two 2013 aerial photography images. Based on the Watershed
Inventory database there are 11 acres of riparian areas on Forest Service land and 48
acres of prairie potholes systems (Figure 8).
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Figure 20 Highly erosive areas, mapped wetland, riparian and pothole areas on the PNG
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Existing watershed condition

Across the PNG, erosion features such as large gullies, road washouts, and unstable
stream banks are threats to soil, water and other natural resources. Many of these features
are caused or accelerated by activities such as road use, grazing, recreation and other
uses. During the 2008 and 2009 field seasons, a total of 124 sites on the PNG were
surveyed as part of the Watershed Improvement Needs (WIN) inventory (Figure 9. Using
the WIN data, the watershed inventory sites were ranked according to (1) level of
alteration, (2) need for immediate attention, (3) threat to water or other resources, and (4)
feasibility of restoration and/or corrective action. The ranking exercise was followed-up
with field visits to all of the highest risk sites to develop plans for remediation. Two
projects have been completed to date. The WIN data provides a good overview of the
areas of the PNG that have erosional or other problems, but it also contains valuable
information on the location of many of the water and riparian areas across many of the
drainages and watersheds.

The WIN field inventory highlighted that problem areas and their contributing watershed
areas are much smaller than the entire HUC6 watershed area. However, it has been noted
that the contributing area of the smaller sub-watersheds seem to experience the same
magnitude of damaging effects that can be observed in the larger watershed under the
proportional precipitation events of that watershed. This is referred to as
“microtopography” (USDA-NRCS 2003). Thus, even at even smaller scales; erosion is
initiated by channeling of overland flow and can be significant. So even though FS lands
may only be a small portion of a given watershed, localized erosional areas and
restoration efforts can still be significant.
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Figure 21 Watershed Improvement Need Inventory sites on the PNG
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Groundwater

Based on the 2003 USGS Principal Aquifers of the 48 Conterminous United States,
Hawaii, Puerto Rico, and the U.S. Virgin Islands map layer, Pawnee National Grasslands
is enclosed on the Northeast by the High Plain Aquifer (58 percent), and on the southeast,
western and southwest (42 percent) by rocks that are generally poorly permeable but
locally may contain productive aquifers. The area is known as the High Plain
Groundwater region (Heath, 1984) distributed in five hydrogeological settings. The
hydrogeological settings are Ogallala, Alluviums, Sand Dunes, River Alluvium without
over bank deposits and alternating Limestone, Sandstone, Shale (Aller et al., 1987) (Table
16, Figure 10).

Table 20 Hydrogeological settings and Geology of the PNG

Hydrogeological Settings Geological Formations

ALLUVIUMS Qgo - Quaternary Alluvium - Slocum Alluvium
Alternating LMST, SNDT, Kl -Laramie Formation / Kf - Fox Hills Sandstone / Kpu -
SHALE Pierre Shale

OGALLALA To - Ogallala Formation

RIVER ALLUVIUM

WITHOUT OVERBANK Twr - White River Group - (Brule/Chadron Formations)
DEPOSITS

SAND DUNES Qe - Eolian and Loess Deposits
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Figure 22 Hydrogeological Settings on the PNG
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The High Plains region is underlain by one of the most productive and most intensively
developed aquifers in the United States. This is alluvial materials derived from the Rocky
Mountains, which are referred to as the Ogallala Formation (Boettcher, 1966). Younger
eolian sand and alluvial deposits overlay the Ogallala Formation, and where these
deposits are saturated, they form part of the High Plains aquifer. The White River Group
(Chadron/Brule Formation) underlies the Ogallala formation and forms the base of the
High Plains aquifer. Locally productive aquifers (confined aquifers) are found on the
lower medium and fine grained sandstone sections of the Laramie and Fox Hill
formations.

The saturated thickness of the High Plains aquifer ranges from less than 1 foot to more
than 1,000 feet and averages about 200 feet. It varies geographically and is thickest in the
northern High Plains (Wyoming Water Development Commission, 2008). Water and
chemical movement to the water table are controlled, in part, by the thickness and
composition of sediments in the unsaturated zone. The Eolian sands deposits yield small
supplies of water locally but are important recharge areas. The permeability in alluvium
deposits is high in gravels and low in clay/silt layers. The Ogallala is a regional aquifer
with small to large yields and good water quality. The White River is a regional aquifer
with small to large yields and good water quality in some areas. The lower Laramie
Formations section yields small quantities of water to domestic and stock wells but the
water quality is generally poor. The lower Fox Hills Sandstone shows a medium
permeability which yields moderate quantities of water to domestic, stock and municipal
wells.

The Colorado Division of Water Resources wells map layer shows that the water table
depth on Pawnee National Grassland ranges from 0 to 465 feet on the west side and 5 to
1,188 feet on the east side (CDWR, 2014).

The technical report “Grassland Climatology of the Pawnee Grassland” shows average
annual precipitation as 11 to 13 in/year for the West section and 13 to 15 in/year for the
East section (Rasmussen et al, 1971). Precipitation ranges increase in both sections in a
southeastern direction. Recharge rates of about 0.07 in/yr are common in much of the
area, but could increase as much as 0.8 to 1.0 inch of water per year (Wyoming Water
Development Commission, 2008). Recharge to the High Plains Aquifer occurs by
infiltration of irrigation water, aerially diffuse infiltration from precipitation, focused
infiltration of storm and irrigation water runoff through streambeds and other topographic
depressions, and upward movement of water from underlying aquifers. Due to the fact
that so much of the streamflow in the region is diverted for irrigation, the only source of
groundwater recharge now is local precipitation.

Discharge from the High Plains aquifer occurs primarily by irrigation well pumping,
discharge to streams and underlying aquifers, groundwater flow across the eastern
boundary of the aquifer, and evapotranspiration.

Based on the CDSS’ (Colorado Decision Support System) (CDWR, 2014) decreed wells
map layer, exempt groundwater wells are the primary water sources on the East and West
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Pawnee Grassland sections for a total of 160 exempt groundwater wells on Forest Service
land (Mathesen and Bowden, 2011). Exempt groundwater wells are classified by the
Colorado Division of Water Resources as wells that are exempt from water rights
administration and are not administered under the priority system. In most cases, exempt
well permits limit the pumping rate to no more than fifteen gallons per minute. Exempt
groundwater wells are Household Use Only Wells, Domestic and Livestock Wells, etc.

The United States Environmental Protection Agency, defines an underground sources of
drinking water (USDWS) as an aquifer or a portion of an aquifer that 1) supplies any
public water system; 2) Contains sufficient quantity of groundwater to supply a public
water system; and i) currently supplies drinking water for human consumption; or ii)
contains fewer than 10,000 milligrams per liter (mg/L) total dissolved solids (TDS); or
i) is not an exempted aquifer. USDWSs on the PNG were not mapped for the EIS
analysis, but a site specific assessment of local USDWs will be needed during the APD
stage of development.

EPA works with state and tribal agencies, non-governmental agencies and citizen groups
to encourage partnerships and provide information for carrying out source water
protection actions (EPA, 2013). Source water is untreated water from streams, rivers,
lakes or underground aquifers that is used to provide public drinking water, as well to
supply private wells used for human consumption. The Source water protection actions
begin with a source water assessment, one of the assessment components is the
delineation of source water protection areas (SWPA). SPWA are portion of a watershed
or ground water area that may contribute pollution to the water supply. EPA delineated 4
generalized source water protection areas near Pawnee National Grassland (Figure 6).
The first protection area (T8N R62W Section 20 NE1/4) comprises some Forest Service
lands while the other protection areas are outside but adjacent to PNG FS land.

According to the CDSS’ (Colorado Decision Support System) (CDWR, 2014), there are
approximately 259 domestic, 15 household use only and 9 municipal wells permits issue
on private lands within the Pawnee National Grassland administrative boundary (Figure
7).

In January 2013, the Colorado Oil and Gas Conservation Commission (COGCC)
approved the statewide groundwater and monitoring rules. The rules 609 and 318A.e
became effective May 1, 2013. The purpose of these rules is to gather baseline water
quality data prior to oil and gas development and after drilling and completion operations
(COGA, 2013 and COGCC, 1999 and 2012).
e Rule 609 requires oil and gas operators to sample all available water sources,
(up to four), within one half mile radius of a proposed Oil and Gas well,
multi- well sites, and dedicated injection wells for which a form 2 application
for permit to drill is submitted on or after May 1, 2013. Under this rule
operator shall select sampling location based in a criteria of preferred water
sources such as proximity (closest to proposed well), type of water source
(preferable well maintained domestic water wells), orientation of sampling
locations, multiple identified aquifers available and condition of water source.
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e Rule 318A.e requires that baseline samples and subsequent monitoring
samples shall be collected from one available water source in the
governmental quarter section in which a new Oil and Gas well, the first well
on a multi-well site or a dedicated injection well is located. Sampling location
is based in the same criteria as rule 609.

o Rule 318A(l) - Greater Wattenberg area special well location, Spacing and
unit designation rule. The Greater Wattenberg Area ("GWA") is defined
(section a) to include those lands from and including Townships 2 South to 7
North and Ranges 61 West to 69 West, 6th P.M. Under this rule water
sampling will be performed pursuant to rule 609.

100,329 acres of unleased PNG Forest Service lands (federal and private mineral rights) would be
subject to the Rule 609 and 318A.e. Leased lands acres would be subject to those rules if a
permit to drill was submitted on or after May 1, 2013 and/or if existing leases expire.

Based in the Colorado Decision Support System, available water sources are located in
approximately 10 % of unleased PNG Forest Service lands however, less than 1 percent of
those available water sources are domestic well permits. Therefore, it is probable in some sites
to not locate available water sources; neither the quantity nor to follow the sampling
location criteria. In those cases operators will follow rules 609 and 318A.e regulations.

Per rule 318A(l) section a, Pawnee National Grassland is located outside from the
defined Greater Wattenberg area (GWA).

Figure 23 Generalized Source Water Protection Areas Provided by the Environmental Protection Area
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Figure 24 Pawnee National Grassland Boundary Water Well Permits located by Surface Land Ownership
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Groundwater Vulnerability (DRASTIC)

Drilling and associated production could impact groundwater quality through leaks,
spills, pits, poorly cemented production wellbores, pipelines, or evaporation ponds. A
groundwater vulnerability conceptual model was completed following the EPA
DRASTIC semi-quantitative model methodology (Aller et al., 1987). The DRASTIC
index method allows a systematic evaluation of groundwater pollution potential
anywhere in the United States based on designated mappable units known as
hydrogeological settings. The method incorporates the major hydrogeological parameters
which affect and control groundwater movement including depth to water, rate of
recharge, aquifer, soil and vadose zone media, topography and hydraulic conductivity.

Preparation of the model required comprehensive evaluation of relevant ground water
data from the USGS, Colorado Geological Survey, Colorado State Engineer’s Office,
National Resources Conservation Service, EPA, and consultant’s reports for the local area
(see Data Sources list). The data was used to rank all the hydrogeological parameters
(depth to water, rate of recharge, aquifer, soil and vadose zone media, topography and
hydraulic conductivity) using the 1987 DRASTIC manual and ranges/ratings tables (Aller
etal., 1987).
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For the Pawnee National Grassland groundwater vulnerability model, each of the
following hydrogeological parameters was classified from least sensitive to most
sensitive (see Figure 11):

e Depth to Water Table: 1 to 10

Recharge (net annual): 1 to 4
Aquifer media: 1to 7

Soil media: 1 to 10

Topography (slope): 1 to 10
Impact of the vadose zone: 3to 8

e Hydraulic Conductivity: 1 to 10
Figure 25 DRASTIC parameter tables

Net Recharge
Depth to Groundwater (feet)
. Land Cover Soil Taxonomy Values
Ratmg Value Barren Land (Rock/Sand/Clay)/Cultivated
Crops/Deciduous Forest/Developed, Low — Different soil
10 0-5 medium - Open Space/Evergreen textures(see 1
Forest/Grassland/Herbaceous/Pasture/Hay/Shrub/ appendix XX)
9 5-15 Scrub
Barren Land (Rock/Sand/Clay)/Cultivated
7 15-30 Crops/Deciduous Forest/Emergent Herbaceous Different soil
\Wetlands/Evergreen textures(see 2
5 30-50 Forest/Grassland/Herbaceous/Open appendix XX)
\Water/Pasture/Hay/Shrub/Scrub/Woody Wetlands
3 50-75 Emergent Herbaceous Different soil
Wetlands/Grassland/Herbaceous/Open textures(see 3
2 75-100 Water/Pasture/Hay/Shrub/Scrub/Woody Wetlands a[.Jpendix XX.)
Emergent Herbaceous ?::Z:f:st(ss:: 4
1 100+ Wetlands/Grassland/Herbaceous/open water ;
appendix XX)
Soil Media
i K Texture Values Topography (S'OPE)
Aquifer Media clayey 1 Slope Percent
Geologic Formations Value badland; clay loam/ clay; clayey (%) Values
over sandy or sandy-skeletal 2 >20 1
Pierre Shale (Kpu) 1 fine-loamy; silty and clayey soils 3
Laramie Formation (KI) 3 fine-loamy over sandy or sandy- 15-20 3
skeletal; fine-silty; fine sandy 10--15 5
White River Group (Twr) 3 loam/ clay loam/ clay; fine sandy 5--10 8
Fox Hills Sandstone (Kf) 4 loam/clay loam; Io.am/ clay/ clay 0-5 10
loam; loam/clay/ silty clay loam 4
Ogallala Formation (To) 4 loamy 5
Eolian Deposits (Qe) 5 gravelly sand / loamy sand some
clay loam; loam, gravelly loam,
Quaternary Alluvium (Qgo) 7 sandy loam 6
coarse loamy; playas 7
sandy; sandy skeletal 9
water 10
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Vadose Zone Hydraulic Conductivity
Geologic Formations Values Geologic Formations Values

Pierre .Shale (Kp‘u) 3 Pierre Shale (Kpu) 1
Laramie Formation (KI) 5 Laramie Formation (KI) 2
White River Group(Twr) 5 White River Group(Twr) 2
Fox Hills Sandstone (Kf) 6 Fox Hills Sandstone (Kf) 2
Ogallala Formation (To) 6 Ogallala Formation (To) 6
Eolian Deposits (Qe) 6 Eolian Deposits (Qe) 4
Quaternary Alluvium .

(Qgo) 3 Quaternary Alluvium (Qgo) 10

The 7 parameter ratings were then overlaid and weighted using a Geographic Information
System to calculate indices for each hydrogeological setting across the PNG. These
results suggest that on the Pawnee National Grassland, groundwater resources are more
vulnerable to adverse effects (pollutant contamination) in areas where:

e Depth to ground water is 0 - 30 feet from surface.

e Recharge areas with vegetation cover (land cover) such as grasslands, croplands,
different wetlands, and open water section overlay on medium to coarse grained
soils.

e The aquifer media is comprised of quaternary alluvium formations that consist of
gravel, sand, silt and clay alluvial sediments.

e The soil media overlying the uppermost water bearing unit consists of sand,
sandy skeletal, coarse — loamy textures or over playas.

e The area is relatively flat and infiltration and media transportation rates are high.

e The Vadose zone (intermediate zone between the soil surface and the water table)
material consists of unconsolidated deposits of gravel and alluvium material
(sand).

e The dominant geology material is sand and gravel with hydraulic conductivity
ranging from 200 up to 4,000 GPD/ft2.

In general, the model results provide a map of the geographical areas where ground water
would be more vulnerable to contamination from surface occupancy based on the
DRASTIC numerical rating (Figure 11). Areas where these conditions are most likely to
occur inside the PNG Boundary have DRASTIC Indices from 105 to 174. Within the
PNG administrative boundary, a total of 63,258 acres fall into this range. On NFS lands
only, 10,705 acres (5 percent) of PNG lands fall into this range, mostly on the east side. 2
percent of those areas are already impacted under existing leases or under private mineral
rights.

High groundwater vulnerability indexes overlay mostly on Alluviums, Ogallala, and Sand

Dunes hydrogeological settings; with some exposed areas on the Alternating Limestone,
Sandstone and Shale settings which correspond to Fox Hills Sandstone Formations.
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69 percent of the areas with high groundwater vulnerability are located on lands with
moderate-high to high conventional Oil and Gas development potential, based on the
Bureau of Land Management Reasonable Foreseeable Development report. This
represents a range of 10 to 20 wells per township in the moderate-high category and 20 to
50 wells per township in the high category. Under these developments there is a high risk
of shallow groundwater contamination, directly from well injection if the well is not
constructed properly, surface spills, etc.
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Figure 26 DRASTIC model results: Areas of the PNG with high groundwater vulnerability
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Soil Resources

Pawnee National Grassland soil resources existing conditions were evaluated using the
Natural Resources Conservation Service’s (NRCS) Weld County soil survey (CO 617).
The Soil survey data was downloaded January 24, 2013 from the NRCS-Geospatial Data
Gateway. Additional soil information was gathered from the NRCS-Web Soil Survey
website and the NRCS-Soil Data Mart website on January 24, 2013 and January 26, 2013
(NRCS, 2013a&b).

There are 73 soil series on the PNG. Loamy soils are the dominant textural classification,
with 99 percent classified as fine sandy loam. PNG soils originated mainly from
sedimentary deposits. The sedimentary deposits are classified in seven formations; Fox
Hill Sandstone, Laramie Formation, Pierre Shale-Upper unit, Eolian deposits, Older
gravels and alluviums, Ogallala Formation, and White River Formation or Group. The
dominant rock types in these formations are sandstone (49%), shale (46%), dune sand
(3%), and gravel (2%). The sedimentary rock erosion originated soils through alluvium
(73%), colluviums (5%), eolian (0.4%) and residuum (21%) depositions. Alluvium
deposits cover 73% of the PNG acres. Alluvium deposits are unconsolidated water eroded
material. This implies that over the long-term (decades to centuries), water erosion action
occurred in the area.

Soils Physical Properties

e Under dry conditions, PNG soils are dominantly well drained soils. Excessively
drained soils occur over 3% of the area.

e Infiltration is the downward entry of water into the soil (NRCS, 2008).
Approximately 63% of the soils on the PNG exhibit a moderate to high
infiltration rate. This is due to the high sandy and moderate loam material with
alluvium origin. Low to very low infiltration rates occur on 36% of the PNG
acres; this condition is related to wet, clayey soils, areas suited to water storage.
Some of the areas with moderate infiltration rates occur under clayey soils with a
sandy subsurface

e Overall, soils within the Pawnee National Grassland exhibit a moderate rutting
potential. This rating indicates that rutting is likely.

e Only 5% of the PNG soils show high plasticity levels corresponding to wet soil
areas and high clay surface textures. A high Plasticity level indicates a high
rutting potential and the likelihood that ruts form readily.

e Under current conditions, soils within the project area have not reached the
minimum bulk density values at which root-restricting conditions may occur. This
suggests that in the present soils within PNG do not exhibit compaction features.
However, most of the soils do not exhibit ideal bulk densities for plant growth,
which indicates that they have a prompt susceptibility to formation of compaction
layers.

Soil runoff and erosion potential

e Most of the PNG soils show a low to medium surface runoff potential. This
indicates that, depending on the slope, climate and vegetation cover, most of the
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PNG soils have a high to moderate infiltration rate due to porosity and low slope
surface (i.e. plains).

Erosion factors within the PNG soils indicate a moderate susceptibility to sheet
and rill erosion. This is due to the high sand content, low organic matter and low
percentage of rock fragment.

Wind erosion potential is measured using the NRCS soil survey wind erodibility
group (WEG). Around 81 percent of PNG soils are considered susceptible (high
to moderate) to wind erosion, with a WEG ranging from 2 to 4.

Soil engineering properties

For the PNG, the NRCS rates 52% of the soil series as somewhat limited to local
road construction. This indicates that excavation, grading and traffic movement
on these soils could be limited due to frost action, shrink swell potential, slope,
depth to soft bedrock, and low strength.

Approximately 80% of the PNG soils are rated as somewhat limited to shallow
excavations. A somewhat limited rating indicates that the soil has features that are
moderately favorable for the specified use. This rating is given to soils that have
one or more limiting factors for digging in the area and results in a higher
probability that excavations could collapse. The limitations can be overcome or
minimized by special planning, design, or installation. The rest of the PNG soils
are rated as very limited to shallow excavations. A very limited rating indicates
that the soil has one or more features that are unfavorable for the specified use.
The limitations generally cannot be overcome without major soil reclamation,
special design, or expensive installation procedures. Poor performance and high
maintenance can be expected.

Soil Reclamation potential and/or nutrient cycle behavior

Soil organic matter within PNG soils is rated “dominantly low” (0.75 to 1.5%).
This rating indicates that the soil surface, upon disturbance, would be more prone
to crusting, erosion, and depleted nutrient levels.

According to the NRCS reclamation rating, approximately 78% of the soils on the
PNG are rated as “fair” for reclamation potential. This means that vegetation can
be established and maintained and the soil can be stabilized through the
modification of one or more properties.

The rest of the PNG soils (22%) have a poor reclamation potential. This means
that re-vegetation and stabilization would be very difficult and costly. Depending
on the physical and topographic properties of the soil, erosion, and runoff issues
could occur.

Soil Surface water restrictions

Eleven acres of the soils on the PNG are classified as aquic moisture regime.
These wet soils have a saturated area up to 72 inches deep and include partially
hydric soil. These soils are located on channel, stream terraces, swales, and
floodplain landforms.

72



e Most of the soils within the Pawnee National Grassland exhibit a moderately high
to high saturated hydraulic conductivity at the surface (zero depth). This rating
indicates that PNG soils under saturation conditions exhibit a high risk of
subsurface contaminant transport.

¢ This high saturated hydraulic conductivity prevails up to 15 inches in depth.

Therefore, after a heavy rain system saturated soil layers could exist at 0 to 15
inches into the soil profile, with a high risk of contaminant transport.

3.7.2 Environmental Consequences

Methodology

Soil and Hydrology Resource Components

1. Areas where surface water and groundwater resources are susceptible to

degradation
a. Indicators: acres available for development with high risk to critical
watersheds and groundwater resources.
2. Areas with soils that have high erosion potential and are near streams, lakes,

springs, wetlands, floodplains, and riparian areas (including riparian veg).
a. Indicators: acres available for development with high erosion potential or
near to water resources.

Surface Water

Forest Service ownership is less than 50% in the majority of watersheds on the PNG, so

the ability of the FS to affect changes at the watershed scale is limited. Areas where

concentrations of resource components are located will be more likely to be adversely
affected by oil and gas activities. HUC6 watersheds where concentrations are higher are
listed in the table below. Acres that may be developed are displayed by alternative for

each watershed.

Table 21 Acres open to surface disturbance by alternative and HUC6 watershed (Forest Service land)

HUC 6 WS name/# | Primary WS size | Acres Acres open | Acres Acres open
concerns (acres) | (%) to surface (%) open to surface
existing | disturbance | to surface disturbance
leases- Alt1 disturbance | Alt 3
Federal Alt 2
and
private
minerals
WEST SIDE
Little Owl Creek/ Perennial
101900080302 Pools w/ 2,118 0 1,380 0
fish, (8%) (5%)
erosion 26,391
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Eastman Creek-Owl | Perennial

Creek/ Pools w/ 3,799 2,508

101900080303 fish, (16%) (11%)
erosion 23,599

Lower Geary Creek/ | Perennial

101900090306 Pools w/ 2,772 5,726
fish, (16%) (33%)
erosion 17,396

Lower Willow Perennial

Creek-Little Crow Pools w/

Creek/ fish, 4,291 3,585

101900090308 erosion, (24%) (20%)
large
exclosure 17,605

Wildhorse Creek/ Perennial

101900090401 Pools w/
fish, 1,607 1,192
erosion, (11%) (8%)
shooting
impacts 14,963

Headwaters Coal Perennial

Creek/ Pools w/ 5,861 5,822

101900090402 fish, (21%) (21%)
erosion 28,076

Howard Creek-Crow | Perennial

Creek/ Pools w/ 5,366 4,069

101900090501 fish, (21%) (16%)
erosion 25,367

Sand Creek/ Perennial

101900090502 Pools w/ 4,804 10,488
fish, (15%) (33%)
erosion 32,147
TOTAL 30,618 34,770

EAST SIDE

Twomile Creek/ Perennial

101900120801 Pools w/ ?3% | ?iglﬁ/f)
fish 35,195

Headwaters Cedar Perennial

Creek/ Pools

' 0 1,665

101900120803 caves, (0%) (6%)
riparian
areas 25,810

Headwaters Wild Perennial

Horse Creek/ Pools w/ 6,893 1,436

101900140202 fish, (24%) (5%)
erosion 28,399

101900140203 Eg:)(algr\]l:lt;ll 10,018 3,175
fiish 0487 | (25%) (8%)

Outlet Wild Horse Perennial 14,234 4,253 415
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Creek/ Pools w/ (30%) (3%)
101900140204 fish,

erosion
Upper South Pawnee | Perennial
Creek/ Pools w/ %1233'/9) 0 7(‘?3?/) 0
101900140205 fish 16,676 ° 0
Middle South Perennial
Pawnee Creek/ Pools w/ Z371§/7) 0 ?1913/7) 0
101900140206 fish 25,413 ° 0

TOTAL 31,269 0 14,301 0

Effects to surface water on the PNG will be possible in areas with: surface disturbance,
road and pipeline crossings, leaks/spills, pits or evaporation ponds. Shallow groundwater
is also included in the surface water analysis, as shallow groundwater is thought to be a
primary source of water for the surface water features on the PNG.

Direct/Indirect Effects

Effects common to all alternatives:

Effects of traffic, water use, disposal of produced water and used fracking fluids, and
accidents/spills are occurring across the project area, both on NFS lands and on private
lands.

Spills in the State of Colorado are well documented and occur frequently (Center for
Western Priorities, 2014). The Center has posted online a “Colorado Toxic Release
Tracker” using available data compiled by the Colorado Oil and Gas Conservation
Commission. According to the data, there were 495 oil industry-related chemical spills in
Colorado in 2013, and nearly a quarter of the spills impacted ground or surface water.
Impacts from the fall 2013 flooding in Colorado heavily damaged oil and gas facilities in
the South Platte River floodplain. There were 56 spills reported in January 2014, 3 of
which impacted groundwater and 1 that impacted surface water. 33 of the spills occurred
within 1,000 feet of surface water, 14 spills occurred within 500 feet of surface water, 11
spills occurred less than 50 feet from groundwater, and 7 spills occurred between 50 and
100 feet from groundwater. Based on the Center for Western Priorities interactive map,
there were 61 spills (94,164 gallons) reported from 2006-2014 in the general PNG area.

Alternative 1: No New Leasing:

There wouldn’t be any additional surface disturbance or impacts to surface water
resources on the PNG from the no leasing alternative. There could be residual effects to
water resources in that drill pads and wells could be placed directly on the borders of
NFS lands. The placement of these facilities would not be subject to the same restrictions
as those on NFS lands and could cause greater impacts in those areas than they would on
NFS lands.

Alternative 2: No Action, leasing under current Forest Plan:
Under Alternative 2, all of the watersheds with high value water resources would have
some level of surface disturbance; Sand Creek on the West side and Two Mile Creek on
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the East side are the watersheds that would have the most activity and disturbance.

Under the current Forest Plan, water resources are primarily protected by the Standard
Leasing Terms (SLT) which allows the FS to require facilities be moved up to 200 meters
to avoid impacts. However, oil and gas operations in upland areas that drain to perennial
surface waters and fisheries resources could still put these resources at risk from sediment
or chemical contamination even outside of the 200 meter “buffer”. These contaminants
could be transported from the watershed as surface water or as shallow groundwater.

One watershed with critical water resources, Little Owl Creek, has a portion protected by
a NSO stipulation as part of the Owl RNA. This would help to protect the important
water features and aquatic biota present in the perennial pools in that drainage. Other
critical watershed resources would not have the same protection under this alternative.

Alternative 3: Leasing under NSO:

No drill pads or wells would occur on NFS lands. There could be residual effects to
water resources in that drill pads and wells could be placed directly on the borders of
NFS lands. The placement of these facilities would not be subject to the same restrictions
as those on NFS lands and could cause greater impacts in those areas than they would on
NFS lands. An APD with potential Conditions of Approval would still be required.

Cumulative Effects:

Across the HUCG6 watersheds, regardless of ownership, effects from the action
alternatives would be cumulative to effects from previously leased and developed areas.
Impacts from development of existing leases as well as private mineral leases would
continue. Watersheds that have development within 200m of surface water resources
would continue to have impacts. In addition, oil and gas operations in upland areas that
drain to perennial surface waters and fisheries resources, would put these resources at risk
from sediment or chemical contamination. These contaminants could be transported
from the watershed as surface water or as shallow groundwater. Furthermore, effects
from leasing occurring on private lands would be cumulative to effects from NFS lands at
the watershed scale. It is likely however, that the effects of activities on NFS lands would
be minor and unmeasurable at the watershed scale under Alternatives 1 and 3, but could
increase under Alternative 2.

Water Use and Management Associated with Leasing and Production

Significant quantities of water are required for drilling and hydraulic fracturing
operations. If water wells or surface water resources are used for this, significant impacts
to PNG water resources could occur, including water table depletion and loss of surface
water recharge areas. In addition, large quantities of flowback and produced water need
to be dealt with at the well sites. Storage and transport of these large quantities of non-
potable water also has risks to water quality on the PNG. The Colorado Division of
Water Resources is responsible for permitting and administering water rights in the State,
and any water developments or uses from or on NFS lands would need to be completed
following appropriate procedures.
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Approximately 22,100 to 39,500 acre-feet (AF) of water is used for fracking annually in
Colorado (Western Resource Advocates, 2012). Typically, water for drilling and fracking
in Weld County has been supplied from non-tributary groundwater wells and municipal
water from surrounding cities. After drilling, the produced water is primarily disposed of
in deep injection wells, making it unavailable to the water cycle. Some of the produced
water is also being reused or recycled in the area.

The associated traffic is also significant to the area, especially with the increased risk for
spills into water resources. Traffic is greatly increased to bring and remove this water
from drilling sites. A recent report completed for Douglas County, CO estimates 11,040
loaded truck trips for one well pad (containing six wells) over a 265 day period (6,000
trips were made to haul fracking water and 3,000 trips were for wastewater disposal).
The Bureau of Land Management report estimates 1,160 truck visits are required to
develop each well.

Direct/Indirect effects:

It takes approximately 2 acre-feet (AF) of water to drill one well. In the Niobrara
Formation (Northern Colorado, Chesapeake Energy), it takes approximately 4 million
gallons (12.28 AF) to hydraulically fracture one well (Western Resource Advocates,
2012). For this analysis, it is assumed that each well will need to be fractured 4 times
over the life of the well*”.

Alternative 1: No new leasing:

No new wells will be developed, so no additional water would be needed on the PNG, but
the same amount of water would still be needed as Alternative 2, if the same number of
wells is needed on private lands. If there are 10% more wells needed without leasing
PNG minerals, then 10% more water would be needed to drill the wells.

Alternative 2: No action, leasing under current Forest Plan:
Greater quantities of water would be needed than under the no new leasing alternative
(approximately 7,140 AF would be needed for 140 wells)™®.

Alternative 3: Leasing under NSO:
If wells are simply moved off NFS lands, the same amount of water would still be needed
as Alternative 2, if the same number of wells would be needed on private lands.

*? Formula: water usage for one well = 2AF (drilling — one time) + (12.28AF * 4 “fracking usage”) =
51.12AF.

%3 140 wells is an estimated value based in an area proportion of federal mineral rights available for leased
within PNG (53%). This value will be additional water usage to current leased lands and represent the
direct effect of water usage under 100% federal mineral right within FS surface lands.
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Cumulative Effects:

The water needed under the new leases would be cumulative to the water needed for the
already leased lands and leasing on private mineral estate, which is approximately
another 6,400 AF*,

Groundwater Vulnerability

Drilling and associated production could impact groundwater quality through leaks,
spills, pits, poorly cemented production wellbores, pipelines, or evaporation ponds.
Accidental spills anywhere could cause isolated introduction of pollutants into near-
surface ground water sources which could be of local significance depending on location,
season and size of spill. In addition, the State of Colorado prohibits oil and gas
operations within 500 feet of any permitted water wells.

Direct and Indirect Effects:

Alternative 1: No new leasing:

Under this alternative, 6,786 acres of the PNG that have a high groundwater vulnerability
rating within the unleased available acres will be protected from direct contamination and
surface disturbance. These areas will be available for groundwater recharge, which
would help to increase the shallow groundwater resources in the area and decrease any
surface and subsurface contamination.

Alternative 2: No action, leasing under current Forest Plan:

Under Alternative 2, up to 6,786 acres with a high groundwater vulnerability rating
within the available unleased acres would be at risk from hazardous chemical spills
which frequently occur from Oil and Gas activities. Substances such as hydraulic fluid,
fracking fluids, and produced water could leak from evaporation pits and /or injection
wells and could be transported laterally and vertically to the shallow groundwater
resources and to surface water bodies. Reduction of recharge potential at developed sites
would also be likely in these areas, due to the loss of soil infiltration features such as
organic matter.

Increased groundwater consumption for drilling activities may also result in water table
depletion. Drilling close to alluvial aquifers could impact recharge areas such as
potholes, ponds, wetlands and riparian areas. There would also be a greater risk of lateral
shallow groundwater pollution from leasing in sensitive areas or from adjacent private
lands under Oil and Gas development.

Alternative 3: Leasing under NSO:

Up to 6,786 acres with high groundwater vulnerability would be protected from risk. This
alternative would result in the lowest amount of groundwater acres impacted due to Oil

** 6,400AF represent the estimated water usage within FS surface ownership but with private mineral
rights and leased lands. Adding this acres to the available for lease FS lands with federal mineral rights the
total water usage is: 6,400 AF + 7140 AF = 13,540 AF OR 51.12 AF * 265 wells = 13546 AF.
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and Gas activities. This would result in less risk to surface water quality, a reduction in
the amount of sedimentation potential, and an increase in groundwater recharge, which
would increase shallow groundwater resources.

Table 22 Acres of potential disturbance or protection to vulnerable groundwater resources

Alternative 1 | Alternative 2 | Alternative 3
0 6,786 0
6,786 0 6,786

Disturbed acres

Protected acres

Cumulative effects:
The cumulative effects analysis boundary for groundwater is the NFS lands on the PNG.

Under Alternatives 1 and 3, higher concentrations of well structures and facilities could
occur on adjacent private surface and mineral ownership. The amount of well concentration
depends on the level of development on site and the economic feasibility of Oil and Gas
reservoirs on non-leasable and NSO areas. This would be cumulative to development on
the 3,458 acres on existing leased and private mineral right acres on Forest Service
jurisdiction.

The effects to groundwater under Alternative 2 would be cumulative to the effects from
the existing leases as well as the private leases across the Grassland. Up to 10,244 acres
with high groundwater vulnerability may be affected, (2,515 acres on existing leased
lands, 943 acres within private mineral rights and 6,786 acres on the available leasable
federal mineral rights, not including 461 acres of “No lease by decision” from the 1997
Forest Plan). These areas with high groundwater vulnerability represent over 1.3 percent
(2,515 acres) of the existing leased areas, mostly on the east side.

Within these areas with high groundwater vulnerability, there is higher potential for
groundwater contamination. In addition, lateral groundwater contamination could occur
from adjacent private jurisdiction which is currently leased and/or available. Clustering
of well structures could occur on private lands adjacent to areas with high groundwater
vulnerability. Groundwater recharge will be reduced due to a decrease in ideal
infiltration from disturbed surface areas. There could also be a reduction in groundwater
discharge (water table depletion) to surface water flows if the main water source for Qil
and Gas activities comes from the area groundwater.

Soils

Impacts from oil and gas activities in the following areas could be detrimental to soil
resources and water resources.

A. Areas with high sediment contribution potential within stream buffers and loss
in soil productivity (compaction, rutting, wind erosion, poor reclamation
potential).

B. Wetlands, Riparian and Pothole areas
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Areas with high sediment contribution potential within stream buffers and loss in soil
productivity

Most of the soils on the PNG have a moderate susceptibility to sheet and rill erosion
(erosion due to water forces). However, due to the high sand content, low organic matter,
low percentage of rock fragment and topography, under continuous surface disturbance
these areas become highly susceptible to surface erosion.

In addition, soils with high surface runoff potential can develop preferential flow
sections. Preferential flow is the uneven and often rapid movement of water and solutes
through the soil by cracks, root holes, and fractures on the soil surfaces. It allows much
faster transport of contaminants to the vadose zone and groundwater sources, and
increases the occurrences of gullies and loose sediment areas that could contribute
sediment and contaminants to playas, wetlands, potholes and/or ponds.

Mapped areas with highly erosive soils and soils with high surface runoff potential were
overlaid and related geographically to the stream layer in GIS. This process located areas
equal or less than 200 meters away from streams, which could be sources of sediment
contribution from developed areas. There are 1,510 acres with high potential for sediment
contribution within the PNG. Additional disturbance activities in these areas could result
in bare soil and loose surfaces escalating the in situ erosion potential and sediment
transportation (including chemical contaminants) to streams, wetlands, potholes, ponds,
and other water sources.

There are 740 acres with low soil productivity across the PNG. These areas need
additional soil amendments and/or best management practices to reduce any erosion or
runoff potential and increase soil productivity during disturbance activities such as well
pads, pipeline trenching, road construction, etc. Without management practices
revegetation and stabilization would be very difficult and costly in these areas.

Approximately 81 percent of PNG soils are considered moderately to highly susceptible
to wind erosion, with a WEG (Wind Erodibility Group) ranging from 2 to 4. Soils with a
WEG of 2 to 4 are typically susceptible to 85-140 tons/ac/yr of sediment loss. Due to the
potential effect to air quality and reduction in soil productivity, disturbance of these soils
could be detrimental to the PNG.

Direct and Indirect Effects

Alternative 1: No new leasing:

All of the areas with high sediment contribution potential which are located on current
available leasable lands will be avoided. This represents a total of 838 acres, which is
55% of all the areas with high erosion and sediment contribution potential across the
PNG. Not leasing these areas would have benefits to water quality, soil productivity and
shallow groundwater resources. All of the areas with poor reclamation potential would
not be disturbed (450 acres — 62 %), decreasing the likelihood of bare soils, wind erosion
and low soil productivity on PNG lands.
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Alternative 2: No action, leasing under current Forest Plan:

The areas with high sediment contribution potential which are located on current
available leasable lands (a total of 838 acres, which is 55% of all the areas with high
erosion and sediment contribution potential within the PNG) could be disturbed under
this alternative. Up to 61% of the low productivity soils could be disturbed, which could
reduce the reclamation potential of the area (450 acres).

Most of these areas could transport sediment and pollutant to surface water bodies
(streams) within a 200 meter buffer; also increasing the pollutants transportation through
the soil profile. There could also be direct impacts to aquatic habitat and wildlife survival,
shallow groundwater resources quality and quantity, and surface water quality.

81 percent of the PNG has soils with high wind erosion potential and approximately 21
percent of the PNG is in soils with high rutting potential. Soil productivity will be highly
reduced in these areas due to mechanical disturbance, no erosion control, or revegetation
growth practices.

Alternative 3: Leasing under NSO:

Under NSO, more than 838 acres (55%) of the areas of high erosion potential across the
PNG will be protected. Surface disturbance and sediment contribution to surface water
bodies from leasing activities would be minimal. Erosion features such as gullies, cracks,
and any other degradation will be minimal, which would help reduce the likelihood of
rapid transport of water and solutes through the soil profile. Soil productivity and ground
cover will improve in these areas (61% of the sensitive soils), consequently preventing
any additional sedimentation to surface water, which would help for maintaining water
quality in nearby water resources. Good ground cover and soil productivity will result in
a higher organic soil cover and the deposition of colloidal particles which are suitable to
retaining some of the inorganic pollutants used in oil and gas operations, subsequently
helping to prevent shallow groundwater contamination.

Table 23 Acres with high sediment contribution potential disturbed or protected, by alternative

Alternatives Disturbed acres Protected acres
No New Leasing — Alt 1 0 838

No Action, leasing under current Forest Plan - Alt

5 838 0

Leasing under NSO - Alt 3 0 838

Table 24 Acres of potential soil productivity changes due to surface disturbance or protection, by alternative

Alternatives Disturbed acres Protected acres
No New Leasing — Alt 1 0 450
l2\|0 Action, leasing under current Forest Plan - Alt 450 0
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Leasing under NSO - Alt 3 0 450

Cumulative Effects:
The cumulative effects analysis boundary for soil resources is the NFS lands on the PNG.

Alternative 1: No new leasing and Alternative 3: Leasing under NSO:

a)

b)

c)

A total of 647 acres (43%) of areas with high sediment contribution potential
will continue to be disturbed due to existing development of leased FS lands
and lands with private mineral rights with FS surface.

There is no monitoring information that classifies the current erosion and/or
surface cover conditions of these areas, as well as the possible affected surface
water bodies.

Some watershed reclamation and erosion control projects might be required in
these areas to reduce sediment contribution to surface water, to increase soil
productivity up to Forest Service guidelines, and to be in compliance with
water quality standards.

Alternative 2: No action, leasing under current Forest Plan:

a)

b)

c)

d)

A total of 1,485 acres (98%) of highly erosive areas could be disturbed
(currently leased, private mineral rights on FS surface and available leasable
lands)

Additional surface disturbance (on Forest Service land and private) could
occur from other management projects and other adjacent Oil and Gas
facilities such as pipelines and access roads.

Adjacent disturbance (from private surface developments) could promote
degradation to the mentioned sensitive areas; this will depend on the level of
use (traffic), footprint disturbance (i.e. excavation failure), etc.

There could be a detrimental loss in soil productivity on almost 100 percent of
highly sensitive soils (high erosion and low productivity soils) under
available, existing leases and private mineral rights.

80 percent of the areas with existing leases are in areas of high susceptibility
to wind erosion and 21 percent are in areas with poor reclamation potential.
Monitoring of these areas is needed to classify the erosion, and soil
productivity levels and any needed surface management restrictions.

Wetlands, Riparian and Potholes areas

Altering the hydrology of wetland and riparian areas will result in restricting inflow and
outflow of the surface water and groundwater (reduction of discharge and recharge
potential); reducing residence time of water (less filtration), and introducing toxic

substances.

53 percent of wetland areas occur on available leasable lands, the rest are located on
currently leased lands. There are 48 acres of mapped prairie potholes systems on PNG,
with half of it on current leased lands.
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Direct and Indirect Effects

Alternative 1: No new leasing:

All wetlands, riparian and potholes areas on available leasable lands (362 acres) will be
protected. Protecting these areas will promote groundwater recharge, sediment runoff
filtration, removal of toxic substances adjacent to sensitive areas, wildlife habitat and an
increase in water surface discharge (shallow water quantity).

Alternative 2: No action, leasing under current Forest Plan:

Up to half of the wetlands, riparian and potholes acres on FS lands could be impacted by
development. As stated in the 1997 Forest Management Plan, development could occur
under Standard Leasing Terms (SLTs), which provide the ability to move facilities up to
200m. This would provide the FS the ability to protect wetlands smaller than 400 m?.
Operators would also be liable to the US Fish and Wildlife, EPA and/or ARMY Corps
under these agency wetland protection regulations (Clean Water Act). Disturbance
adjacent to wetlands or riparian areas could promote sediment and toxic substance
transportation and storage on these areas, which could destroy vegetation cover and/or
affect these surface water ecosystems. Site specific wetland delineation would occur
prior to development.

Alternative 3: Leasing under NSO:

All wetlands, riparian and potholes areas on available leasable lands (362 acres) will be
protected. Protection of these areas will promote groundwater recharge, sediment runoff
filtration, removal of toxic substances adjacent to sensitive areas, wildlife habitat, and an
increase in water surface discharge (shallow water quantity).

a. Operators could use horizontal drilling to move underground across wetland,
riparian, reservoir and potholes areas (for other secondary oil and gas structures
such as pipelines). This process could result in underground pollution and
interference with the inflow and outflow of surface or groundwater resources.

Table 25 Acres of mapped wetland, riparian and potholes disturbance and protection per alternative

Alternatives Disturbed acres Protected acres
No New Leasing - Altl 0 362

No Action, leasing under current Forest 362 0

Plan - Alt 2

Leasing under NSO - Alt 3 0 362

Cumulative Effects:

The cumulative effects analysis boundary for wetland and surface water resources is the
NFS lands on the PNG.

1. No new leasing / No action: leasing under current Forest Plan:
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a. Upto 677 acres of wetlands, riparian, and potholes could be disturbed. The level

of protection from the Forest Service on these sensitive areas depends on the
mineral rights jurisdiction. Higher protection will be available on 363 acres
(available leasable lands), some protection will occur on 103 acres (existing
leased) as stated in the 1997 Forest Management Plan, under which development
would occur under SLTs, which provide the ability to move facilities up to 200m.
Lower protection will occur on 211 acres (private mineral rights).

Some of these areas might have been disturbed due to existing well developments,
resulting in a loss of wetland, riparian areas consequently losing groundwater
recharge zones and water filtration areas.

If these recharge areas are disturbed there could be an additional negative impact
to the groundwater and surface water quantity and quality on Forest Service lands
due to diminished infiltration.
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Summary of Effects

In summary, for soil and water resources, Alternative 2 would have the highest risk to soil
and water resources (Table 22). Alternative 3 has the least risk, followed by Alternative
1, which has a slightly higher risk due to the likelihood for 10% more wells surrounding
the PNG than would be needed under Alternatives 1 and 2.

85



Table 26 Summary of effects

Resource Component

Oil and Gas Development
Impacts

All Alternatives

Alternative 1

Alternative 2

Alternative 3

Effects on existing leases and
private mineral estates

No Additional Leasing

No Action--leasing across PNG under
current Forest Plan

Leasing under No Surface Occupancy

Acres available for leasing 43,444 0 146,367 146,367
New wells/well pads some percentage of Alt 2 0/0 241/80 0/0
Acres new surface disturbance some percentage of Alt 2 0 960 0

1. a. Areas where surface
water resources are
potentially susceptible to
degradation

Environmental risks from
erosion and sediment
deposition into surface water

Development will continue to
increase on leased NFS Lands and
private mineral estate; Risks are
present and will potentially rise for
streams and other water resources.

Development will not occur on most
NFS Lands; Risks will be lower to
streams on NFS lands, may increase
for adjacent private lands

Development will increase on most
NFS Lands, between 3% and 39% of
individual critical watersheds could
be developed; risk will rise for water
resources across the PNG. Critical
watersheds with more than 20%
potential development occurs only
on the West side.

Development will not occur on most
NFS Lands; Risks will be lower to
streams on NFS lands, may increase
for adjacent private lands.

Accidental releases of
hydrocarbons and industrial
chemicals into surface water

Within existing leases and on private
mineral estate, surface and ground
water sources may become
contaminated as a result of spills,
discharges, or accidents.

Surface and groundwater sources
supporting suitable habitats have
potential to become contaminated as
a result of spills, discharges, or
accidents where roads or other

facilities are located near to NFS lands.

Surface and groundwater sources
supporting suitable habitats would be
more likely to become contaminated
as a result of spills, discharges, or
accidents.

Surface and groundwater sources
supporting suitable habitats have
potential to become contaminated as
a result of spills, discharges, or
accidents where roads or other
facilities are located near to NFS
lands.

1.b. Areas where

groundwater resources are

potentially susceptible to
degradation

Surface release of
hydrocarbons or industrial
chemicals could contaminate
potential surface recharge
areas and groundwater.

32 percent of the existing lease and
private mineral estate areas, mostly
on the east side, are in areas with
high vulnerability for groundwater
contamination.

Development will not occur on most
NFS Lands; Risks will be lower to
groundwater on NFS lands, but may
increase on adjacent private lands.

30 percent of the PNG
admininstrative boundary is in areas
with higher risk for groundwater
contamination. On available NFS
lands only, 6,786 acres (5 percent) of
PNG lands fall into this range, mostly
on the east side. 2 percent are at the
highest risk.

Development will not occur on most
NFS Lands; Risks will be lower to
groundwater on NFS lands, but may
increase on adjacent private lands.

2. Areas with high erosion
potential near streams,
lakes, springs, wetlands,
floodplains, and riparian
areas (including riparian
veg).

Unacceptable amounts of
surface erosion or runoff,
especially in areas with
surface water.

42 percent of existing leases and
private mineral estate are on highly
erosive soils (high potential sediment
contribution areas to streams).

Development will not occur on most
NFS Lands; Risks will be lower to
surface water resources on NFS lands,
may increase on adjacent private
lands.

There are 838 acres with high
potential for sediment contribution
to water resources and 450 acres
with poor reclamation potential
within the PNG lands available for
leasing.

Development will not occur on most
NFS Lands; Risks will be lower to
surface water resources on NFS
lands, may increase on adjacent
private lands.

OVERALL RISK SUMMARY

Less than Alt 2, more than Alt 3--
due to 10% increase of wells outside
FS lands due to no leasing

Highest

Least
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3.8 Fisheries Resources

Fisheries and Aquatic Resource Issues

1. Suitable aquatic habitat either supporting or capable of supporting native fishes of
the Pawnee National Grassland (PNG)

Surface and groundwater sources that supply water to sustain suitable habitats
Connection habitat that links patches of suitable aquatic habitat within the stream
networks of the PNG

Risks to population persistence for plains topminnow on PNG

Risks to species viability for plains topminnow and plains killifish on PNG

wn

ok

3.8.1 Affected Environment for Fisheries
The Pawnee National Grassland contains several land parcels among 39 sixth field (i.e., 6
digit hydrologic units) prairie watersheds on a portion of Colorado’s eastern plain. All of
the plains streams occurring on the grassland are tributary to the South Platte River. This
is a portion of the western Great Plains that extends from eastern Colorado and eastern
Wyoming east across much of Nebraska, portions of South Dakota, and into Kansas.
These prairie watersheds originate on the plains and have developed into a loosely
parallel drainage pattern, exhibiting a hydrology characterized by flooding and drying.
Resultantly, few of these streams are continuously perennial. Rather, most streams are
intermittent with short sections of perennial surface water that occur as semi-connected
pools along the streamcourse (Figure 13).

Surface water within these clusters of aquatic habitat is maintained by stochastic
precipitation events great enough to generate overland flow during and shortly following
storm events and via groundwater that is exposed to the surface where pool-like
depressions occur along the streamcourse. Based on 75 years of precipitation data, the
greatest amount of precipitation falls from April through June; however, some areas
experience a wet monsoon season in August and September (USDA Forest Service,
unpublished data). These wet periods likely generate sufficient stream flow to connect
separate perennial habitats within a 10-year period or less. Although small and unseen by
most, these unique aquatic habitats occur in most of the intermittent stream channels
across the western Great Plains, including the Pawnee National Grassland.
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Figure 27 Water level changes in perennial surface water habitats from July 2012 to October 2013 in the South  _
Pawnee Creek drainage, Pawnee National Grassland, Weld County, Colorado. Water levels above dashed lines
approximate periods when surface flow were present.
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Amount and Distribution of Aquatic Habitat

Although the total amount of aquatic habitats on the Pawnee National Grasslands may be
quite limited during a snapshot of time, the linear networks in which those habitats occur
are large, covering multiple 40,000 acre watersheds that stretch from southeastern
Wyoming to the South Platte River. Hydrologic data used to classify the types of stream
channels are not very well resolved; however, based on National Hydrography Data
(USGS), there are well over 3000 miles of stream channel on the Pawnee grassland with
at least 30 of those miles being perennial and over 1,700 miles being intermittent
(Entwistle and Nieves-Rivera 2014). The amount and distribution of aquatic habitat
suitable for aquatic life varies based on annual precipitation patterns as well as the
capacity of local aquifers to maintain pockets of exposed groundwater. At this time it is
unclear which aquifers are most important in supplying water to the specific perennial
aquatic habitats. Three key aquifers are believed to have great enough hydrostatic
pressure and groundwater volume to support surface water habitats: the Ogallala, the
Brule member of the White River Group, and numerous undefined shallow, perched
aquifers (Wohl et al. 2009). Several artesian springs occur on the grassland and supply
groundwater from the deep aquifers (i.e., Brule formation) to support some perennial
aquatic habitat. A groundwater mapping model, called DRASTIC (Aller et al. 1987), was
used to identify the vulnerabilities and potential susceptibilities of groundwater resources
on the Pawnee National Grassland (Entwistle and Nieves-Rivera 2014). Approximated
groundwater influence zones have been described in depth in the Hydrology and Soils
Report (Entwistle and Nieves-Rivera 2013). Precipitation events occurring in the spring
and summer seasons can recharge some of the shallow perched aquifers. While flood
events are both infrequent (i.e., once every year or two) and typically of very short
duration (i.e., less than 24 hours), events can be very high in magnitude, exceeding the
calculable 100-year and 500-year flow rates for these small intermittent streams (USDA
Forest Service unpublished data).
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Table 27 . Summary of the amount and distribution of aquatic habitat

Suitable Movement

Pawnee HUC 6 Watersheds Occupied (mi) Habitat (mi) Habitat (mi)
Eastman Creek-Owl Creek 2.3 4.2 5.9
Headwaters Cedar Creek 0.1 0.3
Headwaters Coal Creek 1.0 1.7 12.2
Headwaters Owl Creek 0.1 0.1 14
Headwaters Wild Horse Creek 0.4 2.4
Howard Creek-Crow Creek 0.1 3.0 7.4
Little Owl Creek 1.8 19 35
Lower Geary Creek 0.0 1.9 55
Lower Little Crow Creek 0.1 3.9 5.8
Lower Willow Creek-Little Crow Creek 1.0 2.2 6.1
Middle South Pawnee Creek 2.1 3.1 3.6
Middle Spring Creek 0.7 0.7 45
Outlet Coal Creek 0.8
Outlet Wild Horse Creek 14
Sand Creek 15 4.1
Twomile Creek 1.0 1.3 2.1
Upper Geary Creek 0.2
Upper South Pawnee Creek 13 13 13
Upper Willow Creek-L.ittle Crow Creek 4.8 16.4
Wildhorse Creek 1.2 14 16
GRAND TOTAL 12.7 33.3 86.6

For purposes of this environmental analysis, aquatic habitats were categorized into: (1)
suitable habitats, defined areas of known surface water occurring along intermittent
stream networks; (2) movement habitats, defined as the intermittent stream channels that
during flooding events would connect patches of suitable habitat; and (3) occupied
habitat, defined as habitats where native prairie fish or amphibians have been observed.
To determine the amount and distribution of aquatic habitats, data were compiled from
multiple sources including Kehmeier and VanBuren (1990), Nessler and others (1997),
unpublished Colorado Parks and Wildlife data, and unpublished Forest Service data. The
National Wetlands Inventory (USFWS 1998) and aerial photographs were used to
identify additional habitats not surveyed in previous attempts or those located on private
land. In addition, informal notes about sources of surface water were sought from
District files.

The 1997 Forest Plan described perennial riparian sites on the Pawnee National
Grassland as being limited to 30 acres; however, the actual quantity of aquatic habitat
likely varies substantially based on precipitation patterns and local groundwater discharge
experienced each year. Thus, in describing the quantity of suitable and occupied aquatic
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habitat patches, length of habitat patch is a more suitable metric to use for fish. Through
GIS analysis, approximately 86 miles of aquatic movement habitat, 33 miles of suitable
habitat, and 12 miles of occupied aquatic habitat were identified through this analysis
(Table 23). Aquatic habitats were more prevalent and evenly distributed on the western
unit when compared to the eastern unit (Figure 14). The known perennial aquatic
habitats, commonly referred to as refuge pools, experience a high degree of interannual
variation in water volume and many often experience high variability in water quality
parameters. In Wohl and others (2009), volume of refuge pools in some Pawnee streams
changed up or down by an order of magnitude. Understandably, water quality parameters
such as pH, salinity, nutrient levels, dissolved oxygen, and water clarity can change
remarkably through cycles of flooding, drying, and extreme water temperature fluctuation
(Entwistle and Nieves-Rivera 2014). Based on a compilation of field observations of
water quality parameters, aquatic habitat sites on the Pawnee National Grassland exhibit
water quality conditions that range from suitable for aquatic life to unsuitable, at least for
vertebrate aquatic life (i.e., fishes and amphibians). Aquatic habitats supported by more
perennial and consistent water sources exhibit more normal water quality conditions,
whereas, aquatic habitats that are seasonal and entirely dependent on precipitation events
exhibit the most extreme water quality conditions. Nonetheless, aquatic animals living in
the aquatic habitats on the Pawnee Grassland are well adapted for surviving periods of
high salinity, high water temperatures, and low dissolved oxygen levels.
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-Figure 28 Maps of the East and West units of the Pawnee National Grassland depicted to distribution of
movement corridors, suitable aquatic habitat, and occupied aquatic habitat, Weld Cty, Colorado.
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Current Human Disturbances and Threats to Aquatic Habitats

Most of the streams in the Great Plains have been anthropogenically altered (e.g., Fausch
and Bestgen 1997, Dodds et al. 2004, Rahel and Thel 2004a, 2004b) and those alterations
are believed related to current losses of endemic prairie fishes, such as the plains
topminnow and other species (e.g., Fischer and Paukert 2008). Substantial modifications
to prairie streams have occurred over a large portion of the species range. The
conversion of grasslands from prairies to agricultural production and intense livestock
grazing has degraded and simplified riparian systems, resulting in altered stream
morphologies, the loss of complex stream habitats, and the loss of native fishes from
prairie streams (Fausch and Bestgen 1997). Reservoirs and stream diversions constructed
for irrigation and municipal uses have dramatically altered fish communities on the
prairie landscape (e.g., Falke and Gido 2006), rendering vast stretches of streams
uninhabitable to most native prairie stream fishes (e.g., Patton and Hubert 1993) while
also permanently fragmenting prairie streams and markedly reducing the ability for
prairie stream fishes to recolonize streams following droughts and floods (Fausch and
Bestgen 1997, Rahel and Thel 2004a). Road infrastructure has expanded on the prairie
landscape as well and has increased habitat fragmentation as more road culverts have
been constructed over the Great Plains streams. Fragmentation of habitat has limited
dispersal opportunities dramatically, which is fundamental to both the community
dynamics and persistence of prairie fish species (Falke and Faush 2009). Water
depletions and increased rates of water depletions have reduced the amount of habitat
available and the degree of isolation among population sources for prairie fishes (Dodds
et al. 2004, Falke et al. 2011). Realized and potential surface water and groundwater
contamination from expanded oil and gas development have degraded aquatic habitats
and poses additional risk to functional habitats (e.g., Freilich 2004, Ramirez 2005,
Whittemore 2007, Papoulias et al. 2013). Western mosquitofish and other non-native
species, such as bullfrogs, have become more common in western Great Plains streams
rendering many refuge habitats historically occupied by many native prairie fish
uninhabitable (Lynch and Roh 1996, Rahel and Thel 2004a, Fischer and Paukert 2008,
Pasbrig et al. 2012).

In addition, anticipated trends in climate conditions for the western Great Plains region
indicate warmer temperatures will occur, which could lead to higher rates of drying for
the isolated pools occupied by plains topminnow. In the streams of the south Great Plains
and southwest, Matthews and Zimmerman (1990) have predicted that species occupying
intermittent streams would be increasingly vulnerable to more frequent extirpations as
habitats dry more frequently and for longer periods of time. While no direct link to
climate change has been made for stream drying, increased consumption of groundwater
and higher incidence of drought conditions have resulted in habitat losses that have
completely dried many Great Plains streams (Dodds et al. 2004). Anticipated droughts
and future water depletions are predicted to cause severe reductions in the amount of
baseflow refugia habitats in portions of the western Great Plains (Covich et al. 1997,
Falke et al. 2010).

Aguatic Communities and Aquatic Species Distributions

Great Plains fishes have evolved adaptations that allow them to survive in physiologically
stressful conditions (e.g. high water temperatures, low dissolved oxygen, etc.), and
compress their reproduction and growth into short periods of unpredictable high flows
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(Rahel and Thel 20044a, 2004b; Wohl et al. 2009). The assemblage of species occurring
in aquatic habitats on the Pawnee National Grassland varies by stream drainage, but on
the whole aquatic habitats may be occupied by fathead minnows (Pimephales promelas),
lowa darters (Etheostoma exile), johnny darters (Etheostoma nigrum), black bullheads
(Ameiurus melas), green sunfish (Lepomis cyanellus), plains topminnows (Fundulus
sciadicus), northern plains killifish (Fundulus kansae), native crayfish species, northern
leopard frogs (Rana pipiens), tiger salamanders (Ambystoma tigrinum), and some native
mollusks (USDA Forest Service unpublished data, Colorado Parks and Wildlife
unpublished data, Nessler et al. 1997). Species occur within isolated pools as
assemblages of one to three species and rarely attain higher species diversity within the
intermittent prairie streams on the Pawnee. Species occurring in habitats outside of the
proclaimed boundary of Pawnee National Grassland, but within the same high plains
watersheds include common carp (Cyprinus carpio) (introduced species), sand shiner
(Notropis stramineus), white sucker (Catostomus commersoni), creek chub (Semotilus
atromaculatus), brook stickleback (Culaea inconstans), central stoneroller (Campostoma
anomalum), orange-spotted sunfish (Lepomis humilis), bigmouth shiner (Notropis
dorsalis), red shiner (Cyprinella lutrensis), brassy minnow (Hybognathus hawkinsoni),
and longnose sucker (Catostomus catostomus); however, collection records to date have
not located these species on the Pawnee National Grassland (Nessler et al. 1997). Of
these fish species, the plains topminnow and northern leopard frog are considered Region
2 Sensitive Species, both plains topminnow and northern plains killifish are Management
Indicator Species (MIS) for prairie aquatic habitats on the ARP, and brassy minnow and
lowa darter have declined throughout its range and is considered a Species of Concern by
all states where it occurs.

Table 28 The list of aquatic species for which environmental impacts have been examined in the Final
Environmental Impact Statement. Includes special status and reason for in depth analysis. Note: Pallid sturgeon is
included as federally-listed species of Platte

Common
Name Species Status Reason for Analysis

Plains topminnow Fundulus sciadicus | Region 2 Sensitive Species occurs in several locations across the
Species PNG

MIS for prairie
aquatic habitats

Plains killifish Fundulus kansae MIS for prairie Species occurs in several locations across the
aquatic habitats PNG
lowa darter Etheostoma exile Colorado Special Species occurs in several locations across the
Concern Species PNG
Pallid sturgeon Scaphirhynchus Endangered Species | Species adversely affected by water depletions
albus from the Platte River Basin
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The native fishes of Great Plains streams exist in a continuous state of disequilibrium
between flooding and drying (Fausch and Bestgen 1997, Dodds et al. 2004., Wohl et al.
2009). Fish species assemblages on National Forest System Lands exist in isolated
refuge habitats or pools of exposed alluvial groundwater. While most of these species are
considered to be extremely mobile, only under certain environmental conditions (i.e.,
floods) does surface connectivity provide a vector for dispersal. Rapid dispersal
following floods is a key strategy Great Plains fishes use to persist as refuge habitats
either remain suitable or become desiccated due to local and regional weather patterns
(Fausch and Bestgen 1997). The key to population persistence under this strategy is the
ability of native prairie fishes to rapidly recolonize habitats, which is reliant upon
stochastic precipitation events and unfragmented linear habitat networks.

Plains Topminnow

The plains topminnow occurs within the grassland portions of Nebraska, South Dakota,
Wyoming, and Colorado (Rahel and Thel 2004a); however, its distribution is limited to a
relatively narrow band of elevations ranging from approximately 4000 to 5600 feet above
sea level (Quist et al. 2004) in association primarily with the Great Plains ecosystem
(Baxter and Stone 1995). Occupied habitats occur in isolated patches and dispersal
opportunities are often reliant upon the precipitation events that generate localized
flooding (Rahel and Thel 2004a). Although the species occurs across a large geographic
area, recent genetic work indicates that populations are genetically distinct among river
drainages (Li et al. 2009), which supports the current dispersal dynamics within, but not
between river basins (Falke and Fausch 2009). For the isolated habitats on the Pawnee
National Grassland and likely for occupied habitat on other National Forest units,
dispersal likely occurs within specific stream/drainages, but not between drainages.

Plains topminnow is overall considered “apparently secure” by Nature Serve (2012);
however, a persistent downward trend in occurrence is a common theme throughout the
species’ range. All states within the native range, except Oklahoma, have at one point
recognized some level of conservation concern for the species. The species is presumed
extirpated from lowa, critically imperiled in Kansas and Oklahoma, vulnerable in
Minnesota, Missouri, South Dakota, and Wyoming, imperiled in Nebraska, and
apparently secure in Colorado (Nature Serve 2012a). The recent range-wide
distributional synopsis by Pasbrig and others (2012) documented a 65% to 70% decline
in observed occurrences of plains topminnow, with the greatest reductions occurring in
the Platte and Republican River basins. Others (Fischer and Paukert 2008) have
documented similar declines from known historic occurrences in the Platte basin of
Nebraska. Even 20 years ago the species was considered historically (i.e., pre-1980)
more abundant than at the time Lynch and Roh (1996) made their collections in
Nebraska. In Kansas, the species has been presumed extirpated from Kansas by some
(Pasbrig et al. 2012); however, the only known occurrence of plains topminnow in
Kansas is from a 1963 collection in Shoal Creek and those fish were considered more of
an incidental collection rather than a representation of the native fish assemblage
(Haslouer et al. 2005, Haslouer 2013, personal communication). Pasbrig and others
(2012) also reported significant declines (~ 90%) within the species native range of
Colorado based on data supplied Colorado Parks and Wildlife; however, Colorado Parks
and Wildlife (CPW) responded to the reported reduction in occurrence in a letter to the
U.S Fish & Wildlife Service, noting that CPW has observed some declines in the species,
but “nowhere near the losses reported by Pasbrig” (Crockett 2012). The population trend
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in South Dakota is declining (Hoagstrom et al. 2006). Results from local population
monitoring on the Pawnee National Grassland indicate reductions in the proportion of
habitats occupied by all fish species, including plains topminnow. Willow Creek and
South Pawnee Creek topminnows have remained consistently occupied by plains
topminnow; however, the species has disappeared from Coal, Geary, Howard, and
Wildhorse Creeks. In addition, the species has not been observed in South Pawnee Creek
since 2002.

Northern Plains Killifish

The systematics of plains killifish has been contested for a long time (Rahel and Thel
2004b); however, the current scientific classification accepts two species of plains
killifish occurring in North America, plains Killifish (Fundulus zebrinus) and northern
plains killifish (Fundulus kansae) (Kreiser 2001, Kreiser et al. 2001, and Page et al.
2013). The northern plains Killifish is native to some grassland/lowland regions of
Nebraska, Wyoming, Colorado and Kansas (Rahel and Thel 2004b). Most records in
Colorado have referred to the native killifish as F. zebrinus; however, genetic
phylogeographies clearly show that the plains killifish of eastern Colorado (i.e., Platte,
Republican, Arkansas River Basins) is in fact the northern species, Fundulus kansae. The
species occurs in a wide range aquatic habitats, but is most commonly associated with
intermittent and perennial high plains streams and in some instances main stem and
backwater areas of large rivers (Propst and Carlson 1986, Pflieger 1997). Northern plains
killifish, like the plains topminnow, are tolerant of environmental extremes, such as high
temperatures, low dissolved oxygen, high alkalinity, and high salinity (Woodling 1985,
Rahel and Thel 2004b). Thus, the species is well-adapted for living in the intermittent
pools found on the Pawnee National Grassland.

Northern plains Killifish appear to have been in decline in portions of their range (Kansas,
Missouri), while having remained stable in other portions of their range (Nebraska,
Wyoming, Colorado) (Nature Serve 2012b). The species is has a conservation status in
Kansas (Haslouer et al. 2005), yet it does not in South Dakota (Hayer et al. 2006), despite
apparent restriction of native range (Hoagstrom et al. 2006). Results from local
population monitoring on the Pawnee National Grassland indicate reductions in the
proportion of habitats occupied by all fish species, including northern plains killifish.
Owl and Little Owl Creeks remain strongholds for the species; however, the species has
disappeared from Little Crow Creek and has not been observed in South Pawnee Creek
since 2005.

lowa Darter

lowa darters range from Central Canada to New York and west to Colorado and
Wyoming (Woodling 1985). In Colorado, the species occurs primarily in the lowland and
grassland streams of the South Platte River (Propst and Carlson 1986). Most published
synopses describe the preferred habitat for lowa darter as cool, clear water over an
organic to sandy streambed (Woodling 1985, Wyoming Game and Fish 2010). In
Colorado and elsewhere in the species’ western extent, they are often found in small
lentic habitats such as isolated pools of intermittent streams and the backwater habitats of
large rivers (Propst and Carlson 1986). lowa darters have been documented in streams of
the western unit of the Pawnee National Grassland.
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lowa darters, though widespread in extent, appear to have been in decline along the
western extent of the species range as a result of habitat loss and dewatered streams
(Woodling 1985, Hoagstrom et al. 2006, Wyoming Game and Fish 2010). The species is
considered extirpated from Kansas (Haslouer et al. 2005), declining in South Dakota
(Hoagstrom et al. 2006), needing conservation in Wyoming (Wyoming Game and Fish
2010), and vulnerable in Colorado (Colorado Parks and Wildlife 2011, Nature Serve
2011). Results from local population monitoring on the Pawnee National Grassland
indicate reductions in the proportion of habitats occupied by all fish species, including
lowa darters.

Pallid Sturgeon

The pallid sturgeon is a large river fish historically occurring in most major rivers
(Missouri River, Mississippi River, and the lower reaches of other large tributaries such
as the Yellowstone, Platte, Kansas, Ohio, Arkansas, Red, and Sunflower; and in the first
60 miles of the Atchafalaya River) of the interior United States. Pallid sturgeon is a long-
lived (>60 years) fish species and does not reach sexual maturity until 7-15 years of age.
It is well-adapted for living near the bottoms of large rivers in highly turbid waters and a
natural hydrograph. They prefer large riverine habitats with a diversity of depths and
velocities formed by braided channels, sand bars, islands, sand flats and gravel bars, akin
to an unregulated river. Due to habitat loss from flood regulation, the species range has
been dramatically reduced to a few fragmented areas of the Missouri, Mississippi,
Yellowstone, and Platte Rivers (U.S. Fish & Wildlife Service 1993). The species does
not occur on the Pawnee National Grassland; however, water depletions from the Platte
River Basin have the potential to affect this federally Endangered Species.
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3.8.2 Environmental Consequences

Most environmental impacts and consequences of oil and gas development and production on
aquatic ecosystems occur through indirect and cumulative effect mechanisms. Many of these
impacts at the landscape scale are similar to the effects from timber extraction combined with
urbanization (Smith et al. 2012). Regardless of region, these environmental impacts center on
water losses reducing aquatic habitat, sediment from development reaching aquatic habitat,
contaminants polluting aquatic habitat, and infrastructure (e.g., roads, pipelines) fragmenting
aquatic habitat (e.g., Davis et al. 2009, Entrekin et al. 2012, Weltman-Fahs and Taylor 2013).
Similarly, the anticipated development of oil and gas resources on the Pawnee National
Grassland (PNG) may result in impacts to aquatic species and their habitats through the
following mechanisms: (1) loss of aquatic habitat due to water depletions from regional water
sources, (2) reduction in suitability of aquatic habitat where deposited sediments have reduced
pool volume and altered the physical structure important to fish occurrence, (3) loss of aquatic
habitat due to contaminated water sources supplying the habitat, and (4) fragmentation of aquatic
habitat as a result of physical barriers created as new roads and pipelines are developed.

Through either loss or reduced suitability of aquatic habitat, these mechanisms would potentially
cause local population declines or extirpations of prairie fish species. The severity of these
anticipated effects varies among the alternatives and is best considered along a gradient of
environmental risk for habitats and the species.

Methodology

The potential effects of oil and gas related development on aquatic habitat have been examined
separately by each mechanism to determine the predicted environmental consequences to prairie
fish. Descriptions of each mechanism have been described and relative comparisons among
alternatives in terms of direct, indirect, and cumulative effects. The effects of existing leases on
the PNG have been described as a point of reference of which to base the predicted consequences
of action alternatives. The analytical approach used a combination of GIS analytics, inferences
drawn from published datasets on the impacts of Oil and Gas Development, and professional
judgment for synthesizing analytical components together. The best available information and
published datasets were sought and employed from myriad sources including USDA Forest
Service, USDI Bureau of Land Management, Colorado Oil and Gas Conservation Commission,
Colorado Water Quality Control Division, Colorado Parks and Wildlife, and numerous academic
and research institutes. The National Forest Service Library performed literature searches for on
the impacts of oil and gas development to fishes and water quality.

Incomplete and Unavailable Information

The potential impacts of unconventional oil and gas development are not fully understood. The
newly available technologies being used to extract fossil fuels from deep geologic formations
may pose uncertain, unquantified, and to date unrealized impacts to aquatic resources. There are
uncertainties regarding the biology, dispersal, and habitat requirements for several of the prairie
fish native to the Pawnee National Grassland. Water quality datasets are incomplete and efforts
to collect water quality data in drilling-dense areas of the PNG do not currently occur. Our
understanding of the shallow alluvial aquifer system and the connectivity of shallow
groundwater to areas of suitable fish habitat is incomplete. Data regarding human-related
aquatic habitat fragmentation is lacking for the PNG and surrounding areas.

97



Spatial and Temporal Context for Effects Analysis

The spatial context for this analysis covers the major prairie watersheds on the PNG: Kiota
Creek, Owl Creek, Crow Creek, and Pawnee Creek. The time-based context of the prediction
provided herein span from current day development through a 20 year period of development at
the current rates of oil and gas extraction and infrastructure development as well as some
anticipation of latent effects on the landscape beyond 20 years of development, including the 50-
year average production life of an oil well.

Aquatic Habitats as Affected by Leasing Decision

The environmental consequences for fisheries issues have been addressed within the context of
existing federal leases, federal surface ownership overlying private mineral estates, and unleased
federal mineral estate. The decision space for this leasing decision is only for the unleased
federal mineral estate underlying the Pawnee National Grassland. Substantial development has
already occurred throughout portions of the administrative boundary. Approximately half of the
suitable aquatic habitat on the PNG has unrealized risks to aquatic habitats and fish species
where the Forest Service has limited control over how new infrastructure may be developed.
Environmental risks for undeveloped private minerals are greater than the risks from leased, but
undeveloped, federal minerals. Environmental risks to new leases would be similar leases sold
under the current Forest Plan. Roughly 10 miles of suitable aquatic habitat (Coal, Geary, Little
Owl, Owl, Wildhorse, and Willow Creek) on the PNG occurs over top of private mineral estates.
An additional 6 miles of suitable aquatic habitat (Little Crow, South Pawnee, Wild Horse Creeks)
on the PNG occurs over top of existing leases. The remaining 16 miles of suitable aquatic
habitat on the PNG occur over top of unleased federal mineral estate.

Consequences of Water Depletions and Consumptive Use

Direct and Indirect Effects

Large amounts of water are used for oil and gas development and uses included dust abatement,
initial drilling, pumping water and other constituents (i.e., hydro-fracturing) to stimulate oil and
gas extraction at the surface, and treatment and disposal of produced water. Elsewhere in
drilling-dense regions of the United States, consumptive water use and loss has shown large,
sustained increases over several decades and those impacts on local water sources account for
large proportions of water use (Nicot and Scanlon 2012). While the issue of water consumption
anticipated under the various alternatives has been addressed elsewhere in the FEIS (Entwistle
and Neives-Rivera 2014), losses of water from aquatic habitats are a major cumulative effect and
not entirely discountable. Among other competing water uses on the Great Plains, water loss
from aquatic habitats remains the single most critical cumulative effect causing aquatic habitat
loss for prairie fish assemblages (Falke et al. 2010, 2011). Water loss from existing aquatic
habitat is likely to occur as water used during oil and gas development and subsequent
production is lost to the system either as a result of poor recovery during hydro-fracturing
procedures or reinjecting produced water into deep geologic formations. In either case, the
volume of water used during this phase is effectively removed from the hydrologic cycle
(Baccante 2012). It is uncertain what sources of water would be used for future oil and gas
development approved on the PNG; however, it would likely come from (1) regional
groundwater sources or (2) the South Platte River. Water removed from each of these sources
would result in reduced habitat availability, which would likely pose negative impacts to the
native, imperiled fish species of the respective water sources. The annual sum of water used and
lost from those sources based on current leases is approximately 3264 acre-feet (Entwistle and
Neives-Rivera 2014). Annual water depletions with greater development and production during
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the next 20 years is estimated to be 7,140 acre-feet (Entwistle and Nieves-Rivera 2014). Water
depletions attributable to leases occupying the PNG vary by some alternatives; however, overall
water consumption within the landscape of the PNG would likely remain the same.

Water depletions from the Colorado and South Platte Basins are anticipated to exceed minimum
thresholds (U.S. Fish and Wildlife 2009, 2014) that trigger adverse impacts to listed fish species
in the respective river basins, depending upon the source of water used for specific drilling
permits. Additional water withdrawn from the South Platte River would cause adverse impacts to
the Pallid Sturgeon (Scaphirhynchus albus). However, water depletions and Endangered Species
Act (ESA) consultation procedures are initiated for individual projects and, in the case of oil and
gas development, are proponent-based consultations. Therefore, the programmatic level analysis
here only provides disclosure of the cumulative potential of water depletions under various
alternatives (Table 25).

Cumulative Effects

Groundwater pumping and depletions also remove water from local aquifers under PNG lands.
Pumping occurs to supply municipal and domestic water supplies. On the PNG, shallow
groundwater is pumped to provide livestock watering sources. Groundwater pumping does
deplete local and regional aquifers. While some of these aquifers are considered tributary and
non-tributary to the South Platte Basin, we do expect aquifer depletions to grow in the future.

Table 29 Consequences of water depletions compared among alternatives.

All Alternatives

Alternative 1

Alternative 2

Alternative 3

Effects on existing leases

No Additional
Leasing

No Action--leasing
across PNG under
current Forest Plan

Leasing under No
Surface Occupancy

Approximately 43,000
acres of PNG are already
leased and could have 125
wells developed on them.
The estimated cumulative
water depletion for
existing, but undeveloped
PNG leases is 6375 ac-ft

No additional effects

For 100,000 acres of
available PNG
mineral lease,
approximately 140
wells are anticipated
should leasing occur.
The estimated water
depletion under RFD
scenario expected on
unleased federal
mineral estate is ~
7140 ac-ft

Same amount of
water as RFD (7140
ac-ft), but water
depletions may not
have connected
Forest Service
authorization subject
to ESA Consultations

Consequences of Habitat Sedimentation
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Direct and Indirect Effects

Oil and gas development includes ground-disturbing activities that increase the amount of
erosion-prone area on landscapes and poses sedimentation risk to aquatic habitats. Road
construction can lead to large amounts of sediment yield in prairie landscapes and sediment yield
can persist for many years following initial construction. Sediment production from pipeline
construction is similar to initial road construction; however, yield declines as disturbed areas
revegetate. Well pads have been poorly sited in other drilling-dense regions, resulting in high
runoff potential and substantial capacity for sediment transport into aquatic habitats (Drohan and
Brittingham 2012, McBroom et al. 2012). In addition, sediment yields from constructed well-pad
sites can be very high (e.g., >20 yds® per acre) in dry grassland settings, similar to yields
observed at large construction sites (Williams et al. 2008). These rates are much higher than the
current conditions of sediment yields observed on the PNG (Entwistle and Nieves-Rivera 2014).
In addition, high levels of traffic on both Weld County and Forest Service roads anticipated with
more oil and gas development would increase rates of wind-born and water-born erosion
processes from road-surfaces, thereby increasing the likelihood of sediment delivery to suitable
aquatic habitats. These erosion processes and the vulnerabilities of soil erosion across the PNG
have been addressed elsewhere in the FEIS (Entwistle and Neives-Rivera 2014). Here, the
consequences of sedimentation in aquatic habitats and biological ramifications will be addressed.

The ultimate fate and consequences of sediment deposition into the small aquatic habitats could
reduce the habitat suitability for the native prairie fish community by reducing aquatic habitat
volume, reducing pool depths, and facilitating the conversion of suitable fish habitat to shallow
wetland habitat incapable of supporting the prairie fish community. It is well-known that
sediment deposited into stream habitats can alter and, in some cases, eliminate fish assemblages
(Waters 1997). These shifts are caused by sediment covering structurally-diverse streambed
habitat and reducing pool quantity and quality (Waters 1997). In Missouri, fish with feeding
ecologies and spawning habitat requirements similar to plains topminnows, northern plains
killifish, and lowa darters were markedly reduced by stream sedimentation (Berkman and Rabeni
1987, Rabeni and Smale 1995). In addition, the effective life-span and habitat suitability of other
aquatic habitats has been dramatically reduced by interception of deposited sediments elsewhere
in the Great Plains (Gleason and Euliss 1998). Sediments deposited into suitable habitats on the
PNG are likely to persist for a long-time (~10 years) given the low likelihood of large
precipitation events capable of scouring out depositional sediment. Thus, deposition of sediment
into suitable habitats would likely result in the conversion of fish habitat to shallow wetlands
with little surface water. In sum, although the specific mechanisms for potential sedimentation
effects to PNG fishes vary by species, all three species would suffer negative impacts as a result
of reduced pool habitat, alteration in food availability, and degraded spawning habitat.

Entwistle and Nieves-Rivera (2014) identified areas with the greatest potential to deliver
sediment into aquatic habitats for the PNG. Some areas of existing leases fall into the identified
susceptibility areas that lie in close proximity to suitable habitats. These habitats (e.g., Coal
Creek, Little Crow Creek, Owl Creek, South Pawnee Creek) are at greatest risk of sedimentation
impacts. Sedimentation risks can be managed to acceptable levels by separating the aquatic
habitat from the sediment source. The key to this approach is to ensure that not only is there
sufficient buffering distance, but also that landforms and vegetation exist to adequately filter
anticipated volumes of sediment (Waters 1997). The application of aquatic habitat buffers in
small plains streams has been demonstrated to improve habitats degraded by sedimentation (e.g.,
Sheilds et al. 1995, Rabeni and Smale 1995).
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Sedimentation Risks to PNG Fishes by Alternative

Direct and indirect effects of sedimentation causing loss or degradation of aquatic habitat will
vary depending on how much new oil and gas development occurs and the proximity of new oil
and gas development to suitable aquatic habitats. The effects described above should be seen as
risks that are common to all alternatives with the probability of resource risk changing with
increasing displacement of the risk from the aquatic habitat. The impacts of sedimentation to
aquatic habitat resulting from oil and gas development under various leasing decisions can be
estimated based on proximity analysis of how close or far erosion risks are separated from
aquatic habitats. Existing oil and gas infrastructure on the PNG has been developed within 100
feet of adjacent aquatic habitat (e.g., APl # 05-123-13427; API # 05-123-13275; API # 05-123-
21580), so it is reasonable to assume that continued development under the Forest Plan could
result in new infrastructure (i.e., wells, roads, pipelines) being developed within close proximity
(< 650 feet or 200m) to suitable aquatic habitats. Development within close proximity to aquatic
habitat would pose sedimentation risks to valuable aquatic habitat, resulting in impacts to fish.

The relative risks of sedimentation impacts to PNG fish vary by alternative and are based on the
proximity of susceptible erosion areas to suitable habitat patches. A GIS proximity analysis was
used to determine miles of suitable habitat that would potentially be degraded by sedimentation.
Based on highly erosive soils identified within 650 feet of suitable habitat patches, habitats were
classified as either susceptible to sedimentation or not as a result of well pad, road, or other
infrastructure development. Comparisons were made within the context of the type of mineral
estate (i.e., federal-leased, private estate, or federal-available) to attribute risks to suitable aquatic
habitats under each alternative (Table 26). Sedimentation risks are highest on private mineral
estate due to the limited ability of surface ownership to stipulate environmental protections.
Sedimentation risks are second highest on currently leased federal minerals due to insufficient
protections provided by the Forest Plan (e.g., wells have been and may continue to be located
within 200m of suitable habitat; in some areas erosion beyond 200m may still cause
sedimentation of suitable aquatic habitats). Sedimentation risks are lowest on unleased federal
minerals; however, sedimentation risks to remaining suitable aquatic habitats may be higher
under certain leasing alternatives (i.e., Forest Plan). Within the context of existing leases, private
mineral estate under PNG, and federal mineral estate under PNG, conclusions can be drawn
about to a degree to which suitable habitats are at risk to sedimentation. Under Alternatives 1
and 3, additional sedimentation risks associated with Oil and Gas development would be limited.
Permits for access roads and pipeline infrastructure are expected to occur, which may cause
minor sedimentation of habitats. Under Alternative 2, additional sedimentation risks associated
with Oil and Gas development would rise for most of the suitable aquatic habitat. Well pad
development, new roads, and new pipelines would increase sedimentation risks, which may
significantly reduce the quantity and quality of suitable aquatic habitat on the PNG.
Approximately 15.1 miles of suitable aquatic habitat would be highly susceptible to
sedimentation should any development occur within 200m (650 ft). Approximately 5.9 miles of
suitable aquatic habitat would be susceptible to sedimentation even if development were to occur
beyond 200m. Suitable aquatic habitat occurring within the Little Owl Research Natural Area
would be largely protected from sedimentation effects even under Alternative 2.

Cumulative Effects

Other activities on the PNG also contribute to sedimentation in aquatic habitats, including,
season long grazing and modest levels of road maintenance. Grazing on the PNG is expected to
remain near current rates in the future. Road maintenance on the PNG is expected to continue at
current rates, but may also increase as new roads are constructed. While both of these activities
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are known to cause sedimentation to aquatic habitats, current amounts of sedimentation to
aquatic habitats has not been quantified for aquatic habitats across the PNG. It is reasonable to
conclude that sedimentation from these cumulative actions will continue to occur at current rates
and it is uncertain if current sedimentation rates are diminishing suitable habitat.

Table 30 Consequences of habitat sedimentation to 33 miles of suitable aquatic habitats on the Pawnee National Grassland
compared among alternatives.

All Alternatives Alternative 1 Alternative 2 Alternative 3
Effects on existing No Additional No Action--leasing | Leasing under No
leases plus effect of Leasing across PNG under | Surface Occupancy
private mineral current Forest Plan
estate under PNG.
Over 16 miles of FS authorized Sedimentation risks | FS authorized
suitable aquatic habitat | activities would will rise for 32 miles | activities would
is at a moderate to contribute minimal | of suitable aquatic contribute minimal
very high risk of additional risks of habitats. additional risks of
sedimentation sedimentation to 16 sedimentation to 16
reducing the capacity | miles of suitable Development within | miles of suitable
of the habitat to aquatic habitat on 200m = 15.1 miles | aquatic habitat on
support prairie fish due | unleased federal of suitable habitat is | unleased federal
to existing leases and | mineral estate. at high risk to mineral estate.
private mineral estates. | Sedimentation risks | sedimentation. Sedimentation risks
may be displaced may be displaced
2.5 miles of suitable from NFSL to Development from NFSL to
habitat are at high risk | adjacent private beyond 200m =5.9 | adjacent private
of sedimentation on lands, which may miles of suitable lands, which may
existing leases. result in habitat loss | habitat is at result in habitat loss
on adjacent lands or | moderate risk to on adjacent lands or

5.7 miles of suitable as result of sedimentation. as result of
habitat are at very high | downstream downstream
risk of sedimentation sediment transport. | Risks from FS sediment transport.
on private mineral authorized actions
estate. will remain low on

Little Owl Creek (1

mile) within the

Research Natural

Area.

Consequences of Environmental Contaminants to Aquatic Habitat

Direct and Indirect Effects

Oil and gas development and production poses risk of environmental contaminants reaching
aquatic habitats. Risks of leaks, spills, and other losses of containment exist during much of the
development and production phases; however, the greatest risks are associated with the
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collection of hydrocarbons at the surface, transport and storage of hydrocarbons, down-hole
pumping of water, sand, and chemicals, and collection, containment, and disposal of flow-back
and produced water. Among these risks, flow-back and produced water (collectively referred to
as produced water, henceforth) poses the most significant risk to aquatic habitats due to the sheer
volume of produced water managed by the industry (Ahmadun et al. 2009). The proximity of
these risks to important aquatic habitat areas controls the fate and ultimate consequence of
environmental contaminants reaching aquatic habitats (Entrekin et al. 2013). Water resource
features vulnerable to contamination have been identified as either surface waters or groundwater
influence zones (Entwistle and Nieves-Rivera 2014). Here, a brief review covers potential
contaminants used for oil and gas development, contaminant fate and persistence in surface and
groundwater, and the environmental consequences of contaminants to fish.

For unconventional oil and gas development, contaminant transport pathways and risks have not
been well-studied as much of the “unconventional” technology has been developed within the
past 10 years (Jackson et al. 2013). Areas of dense development (e.g., Pennsylvania, Wyoming,
Colorado) pose the largest risks as the hydro-fracturing processes and well-cementing issues
around “active” and “closed” wells may create vectors for contaminants and expedite
contaminant transport to ground and surface water resources (e.g., Myers 2012, Jackson et al.
2013). Aquitards (i.e., zones of relatively impermeable sediment) can trap and prevent the flow
of contaminants released at the surface from moving into deep aquifers (Cherry et al. 2004);
however, the shallow clay-based aquitards on the Pawnee National Grassland also funnel ground
water in the unconfined alluvial aquifer into suitable fish habitats. Thus, while aquitards protect
deep aquifers (e.g., Ogallala, Brule), they may concentrate and deliver contaminants released at
the surface to suitable habitats.

The process of pumping water and fracturing fluids into drilled wells to create high pressure
underground is referred to as hydro-fracturing. This process causes fractures in the dense
geologic formations such as shale, which releases oil and gas resources, and also results in the
production of large volumes of water mixed with oil, gas, and other substances at the surface.
Both hydro-fracturing fluids and produced water contain potential environmental contaminants
and can be viewed as risks to groundwater and surface water quality (Gordalla et al. 2013).
While water and sand are the chief constituents used in hydro-fracturing fluids, several known
toxic substances are often used in hydro-fracturing fluids (Vidic et al. 2013, Kassotis et al. 2013).
Conversely, as hydro-fracturing fluid is pumped into the well, hydrostatic pressure causes
substances trapped in deep geologic formations to dissolve in the water. This aqueous solution
becomes a mixture of oils, gases, and water with constituents from fracturing fluids as well as
dissolved constituents from geologic formations that eventually return to the surface at the well
head. From there, the gases and oils are separated from the produced water and produced water
is typically handled as wastewater.

Produced water is the single largest waste stream from the oil and gas industry and with the
volume of material to manage (Ahmadun et al. 2009), accidental spills and releases of produced
water into the environment is inevitable. Approximately 50,000 acre-feet of produced water are
generated in Colorado annually and while the majority is evaporated or reinjected (Clark and
Veil 2009, COGCC 2014), produced water can be permitted for discharge into streams,
percolation into the ground, or put to beneficial use (e.g., irrigation). In Weld County, produced
water is disposed by reinjection of the water along with constituents underground or through
evaporation and percolation of water in pits (COGCC 2014). Although oil and gas operators in
Weld County reportedly generated 12,000 acre-feet of produced water in a 10 year period, the
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rate of water produced at well heads has been steadily increasing since 2007 (Figure 15). In
addition, rates of produced water increase as wells age (Veil et al. 2004). The rate of produced

Figure 29 Quantity of produced water (blue line) and number of spills (red line) reported to Colorado Oil and Gas
Conservation Commission for Weld County Colorado from 2004 to 2013. Source: Colorado Oil and Gas Conservation
Commission Online Database.
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water generated is expected to increase over the next 20 years, so annual rates of produced
waters could easily double or triple the annual rate of 2,000 acre-feet of water. The importance
of this quantity of produced water and constituent substances is how it is handled, treated, and
disposed as wastewater. In addition, disposal via percolation into the ground from unlined
evaporation pits represents a large potential risk to neighboring groundwater influence zones that
supply water to suitable habitats.

Similarly, rates of spills and releases have also been on the rise in recent years (Earthworks 2008,
Figure 15). Statewide from 2003 to 2008, roughly 20% of spills have affected surface or ground
water resources; however, 47% of spills in Weld County affect water resources. In addition, the
rate of spills/releases to the environment in Weld County has been increasing approximately 80%
per year (Earthworks 2008). Spills and chemical releases often receive media attention
(Banerjee 2013, Finley 2011); however, water quality testing is not routinely performed and
formal pre-drilling to post-drilling water quality monitoring program does not occur in Weld
County, Colorado. Thus, there is little information available regarding what substances are
released into the environment when spills occur.

The constituency of produced water has received some study and varies in composition based on
the type of oil or gas being produced (\eil et al. 2004). For gas production, produced waters
contain inorganics (e.g., chloride and bromine salts, metals), organics (e.g., phenols, alkanes,
aromatic hydrocarbons), and radio-active materials in concentrations in excess of toxicity
standards for aquatic life (Alley et al. 2011). Produced water from gas production contains high
levels of chloride salts or other brines (Alley et al. 2011, Farag et al. 2012). Concentrations of
salts and constituent substances increases with time as the wells age (Veil et al. 2004). These
substances reduce immune function (e.g., Reynaud and Deschaux 2006), disrupt reproductive
function (e.g., Sumpter and Jobling 1995, Nicolas 1999, Kidd et al. 2007), delay or halt
embryonic development (e.g., Carls et al. 2008, Farag et al. 2012), lead to mortality (e.g., Cairns
and Nebecker 1982, Woltering 1984, Vittozi and De Angelis 1991, Farag et al. 2012), and reduce
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both quantity and diversity (e.g., Albers et al. 1985, Thienpoint et al. 2013) in fish and other
aquatic animals. Several of these impacts have been documented in fathead minnows, both a
common laboratory animal and inhabitant of aquatic habitats on the PNG.

Table 31 Concentration of oil & gas related constituents (mg/L) in surface water, ground water, and produced water within
0.25 mile of PNG lands, Weld Co.

An asterisk (*) indicates values exceeds known toxicity level for fish or water quality
standard. N-Hexane, naphthalene, methane, magnesium, iron, oil & grease, fluoride,
ethylbenzene, bicarbonate, calcium, chromium, barium, arsenic, strontium, sulfate, diesel
organics, gasoline organics, thorium, and xylenes were detected but below known toxicity
values for fish. (1) Value is just under known toxicity level, but reproductive physiology is
likely affected at this level.

Constituent Surface Water Ground-water Produced Water
Benzene (mg/L) 0.0005 0.0005 5.2*
Bicarbonate (mg/L) 406* 238 152
Cadmium (mg/L) 0.001* 0.001* 0.001*
Chloride (mg/L) 131 25.8 5799
Lead (mg/L) 0.005 0.0139 0.005
Potassium (mg/L) 38.8 9.53 11.7
Sodium (mg/L) 411 145 3999
Toluene (mg/L) 0.0005 0.0005 6.14"
Cesium 137 (pCi/L) 12.0 0.0 9.0
Radium 226 (pCi/L) 0.0 0.0 19.0
Radium 228 (pCi/L) 50.0* 0.0 30.0*
Xylene (mg/L) 0.0005 0.0005 2.71*
Uranium (ug/L) 66.7 0.001 8.9

Existing Water Quality

To discern evidence of risk to ground and surface waters from oil and gas activities on the PNG,
water quality data were queried from COGCC and the Colorado Water Quality Control Division
on February 19, 2014. Seven water quality collection sites were located within a quarter-mile of
PNG lands with the majority of sample sites located near municipalities (e.g., Nunn, Briggsdale,
Raymer). Contaminants tested were compiled and those exceeding safe levels (Woltering 1984,
Vitozzi and DeAngelis 1991, Alley et al. 2011, and EPA 2014) were used to determine existing
risk; however, this should not be considered exhaustive and accuracy of contaminant
measurements is unclear as data were collected by different entities and processed by different
laboratories. Several BTEX, PAH, and other hydrocarbon substances along with salts, metals,
and radioactive elements were detected in produced water near the PNG (Table 27). In some
cases, surface water and ground water were contaminated by some of those substances. It should
be noted that while these observations represent some conditions found near the PNG, they are
not comprehensive because mandatory ground and surface water quality testing is not required at
this time in Colorado.

Water quality standards for surface waters on the PNG are currently set for protections to
agricultural systems and not aquatic life because the beneficial uses in suitable aquatic habitats
on the PNG are classified as agricultural only (Colorado Water Quality Control Division, 2014
pers. comm.). Standards for agricultural beneficial uses are lower than standards for aquatic life
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beneficial uses. This means that contaminants exceeding standards for aquatic life in suitable
aquatic habitats on the PNG likely would not trigger a State regulatory response even if samples
with exceedances were detected.

Contaminant Fate

It is uncertain how long contaminants will persist in surface and groundwater sources and thus
how long they may disrupt biological mechanisms. Contaminant degradation rates span 1.5 to 5
years for BTEX contaminants (Cozarelli et al. 2010); however, degradation of all oil and gas
contaminants varies from short term (i.e., months) to long-term persistence (i.e., > 10 years)
depending on soil media type and hydrogeological factors (Farhadian et al. 2008, Baedecker et
al. 2011). In addition, toxicity of contaminants released into the environment can be amplified
by exposure to sunlight (Oris and Giesy 1987 [PAH]), while PAH, some BTEX, other
contaminants bioaccumulate through aquatic food webs resulting in cascading impacts to aquatic
ecosystems (Neff 2002).

Contaminant Risks to PNG Fishes by Alternative

Based on known fish responses to contaminants and the persistence of contaminants in the
environment, potential contamination to surface or ground water resources could easily cause
them to become degraded to the point where suitable aquatic habitats are no longer capable of
supporting the native prairie fish. In addition, the current rates of spills and environmental
releases to surface water and groundwater are expected to increase with time. Over a 20 to 50
year period the likelihood of fish being adversely affected by contaminants is high. This
degradation of water quality in suitable habitats would be an indirect effect of permitted oil and
gas development activity on the PNG. The risks of contamination and consequence to PNG
fishes was compared among alternatives by performing proximity analysis similar to the
approach used to determine potential impacts of increased sedimentation. In summary, the long-
term or short-term loss of suitable habitat is likely given the increased risk of water pollution due
to accidental releases of hydrocarbons and other industrial chemicals, such as hydro-geologic
fracturing fluids and produced water and these risks vary among alternatives. Under the No
Action alternative, risks of environmental contaminants in aquatic habitats would increase from
16 miles of suitable aquatic habitat at very high to high risk to 33 miles (100% of PNG) of
suitable aquatic habitat at high risk (Table 28). Under the No Leasing and No Surface
Occupancy alternatives, risks of environmental contaminants in aquatic habitats would not
increase for aquatic habitats on the PNG.

Cumulative Effects

Grazing and Oil and Gas Development have been and continue to be the primary land uses for
the Pawnee National Grassland. These land uses have resulted in contamination of aquatic
habitats through either nutrient enrichment or the release of toxic chemicals into the
environment. These impacts are expected to continue in the future. Oil and Gas development
under some alternatives is expected to increase in the future and would likely contribute to
additional toxic chemical releases to the environment. In addition, recreational shooting occurs
in some locations and contributes to increased levels of heavy metals (i.e., lead), which can cause
adversely affect water quality and fish. This use is expected to continue and perhaps expand in
the future. Additions of leads and other heavy metals would add to the environmental risks of
contaminants in aquatic habitats.
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Comparison of Effects among Alternatives

Table 32 Consequences of habitat contamination compared among alternatives.

All Alternatives

Alternative 1

Alternative 2

Alternative 4

Effects of Existing
Leases

No Additional
Leasing

No Action-leasing
across PNG
under current
Forest Plan

Leasing under No
Surface Occupancy

Over 16 miles of suitable
aquatic habitat is at a
moderate to very high risk
of contamination
adversely affecting fish &
ability of habitat to

Increased risk from
contaminated surface
or ground water will
be confined to
private lands.

Contamination
risks will rise for
31 miles of
suitable aquatic
habitats. No
suitable habitat

Increased risk from
contaminated surface
or ground water will
be confined to private
lands.

FS authorized
activities would
contribute minimal
additional risks of
contamination to 16
miles of suitable
aquatic habitat on
unleased federal

areas would be
protected from
contaminant risks

FS authorized
activities would
contribute minimal
additional risks of
contamination to 16
miles of suitable
aquatic habitat on
unleased federal

support fish due to
existing leases and private
mineral estates.

Risks from FS
authorized actions
will remain low on
Little Owl Creek

10+ miles of Coal, Owl,
Wildhorse, and portions of
Willow Creek habitats are
at very high risk of

contamination due to mineral estate. within the mineral estate.
private minerals. Contamination risks | Research Natural Contamination risks
may be displaced Area. may be displaced

from NFSL to
adjacent private
lands.

from NFSL to
adjacent private
lands.

6+ miles of Little Crow &
S. Pawnee Creek habitats
are at high risk of
contamination due to
existing leases.

Consequences of Habitat Fragmentation

Direct and Indirect Effects

Existing infrastructure on the Pawnee National Grassland fragments both suitable habitat and
movement corridors; however, we do not currently have a field-based assessment of barriers to
fish movement. Reservoirs and stream diversions constructed for agricultural and residential
uses occur on most of the major stream drainages. Some of these structures still exist on federal
lands; however, most occur on private lands. Some reservoir and diversion dams have been
abandoned over the years and many of these have been breached by flooding and were never
rebuilt. These water development sites can render vast stretches of streams uninhabitable to most
native prairie stream fishes (e.g., Patton and Hubert 1993) and thus, permanently fragmenting
prairie streams. In addition, road infrastructure on the Pawnee National Grassland varies from
primitive two-track roads to major county roads and state highways. As these roads cross the
landscape, they also cross streams and the majority of stream crossings serve as barriers to fish
movement due to under-sized culverts that convey water too swiftly and pose jumping heights
that exceed the physical abilities of the native prairie fishes. Crossing structures along this
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gradient of primitive to well-developed roads vary in the degree to which they may fragment
habitat. For example, some lightly-used administrative roads cross streams with open-water
fords and do not usually fragment habitat; whereas, major county roads are full-prism roads and
cross stream areas with large fills and small culverts that do fragment habitat. While diversion
structures are not expected to increase as a result of expanded oil and gas infrastructure
development and use, the impact on habitat fragmentation remains. Road construction, on the
other hand, is expected to increase as a result of new road and pipeline infrastructure. New
infrastructure will likely pose additional fragmentation risk to suitable habitat and movement
corridors as new crossings traverse over or under stream networks. Approximate locations of
new roads and pipelines are indeterminate at this time. Thus, how the new linear infrastructure
features interact with linear stream habitat features is unknown. However, relative comparisons
of the degree to which infrastructure crosses and potentially poses risk of habitat fragmentation
can be described and compared among alternatives.

Table 33 Distribution of potential fragmentation sites along streams on the Pawnee National Grassland, Weld Co., Colorado.

GIS generated results from Colorado Division of Water Resources and USDA Forest Service.

Stream Name Crossings Diversions
Unnamed Creeks 57 99
Cedar Creek 5 0
Coal Creek 27 42
Crow Creek 3 12
Eastman Creek 3 4
Geary Creek 13 10
Howard Creek 10 11
Little Crow Creek 3 2
Little Owl Creek 14 32
Little Sand Creek 5 4
Lone Tree Creek 10 11
Owl Creek 12 17
Pawnee Creek 4 0
Robinson Creek 2 0
Sand Creek 9 8
South Pawnee Creek 12 275
Spring Creek 6 40
Twomile Creek 4 0
West Fork Willow Creek 4 22
Wild Horse Creek 11 55
Wildhorse Creek 2 2
Willow Creek 11 112
Grand Total 227 758
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In order to determine areas of greatest fragmentation risk, a GIS analysis was performed to
capture the existing amount of potential fragmentation as a result of diversions/reservoirs
(Colorado Division of Water Resources 2013) and road/stream intersections (USDA Forest
Service, unpublished data). Based on this query of available data, over 200 road crossings and
over 700 past water diversion sites occur on PNG streams. Although not all of these sites occur
on federal lands, these features still disrupt movement into suitable habitats from refuge areas.
Some streams have few fragmentation sites given their length (e.g., Crow Creek, Robinson
Creek); whereas, other streams have a high number of potential fragmentation sites (e.g., Coal
Creek, Little Owl Creek, South Pawnee Creek).

There are roughly 30 miles of additional road construction anticipated with new leases and
associated oil and gas infrastructure development. This anticipated habitat fragmentation will
markedly reduce the ability for prairie stream fishes to recolonize streams following droughts
and floods (Fausch and Bestgen 1997, Rahel and Thel 2004a). Fragmentation of habitat has
limited dispersal opportunities dramatically, which is fundamental to both the community
dynamics and persistence of prairie fish species (Falke and Faush 2009). Because determining
the impacts of habitat fragmentation from additional oil and gas development requires site-
specific proposals, at the programmatic level we merely describe what fish habitat resources are
at greatest risk. Based on the distribution of suitable habitats and existing fragmentation across
the PNG, additional fragmentation of all streams and suitable habitat would be detrimental to
persistence of the native prairie fishes. Key streams with suitable and occupied habitat most
susceptible to additional fragmentation are Owl Creek, Little Owl Creek, Coal Creek, and South
Pawnee Creek. Any additional road or pipeline development crossing suitable habitat or
movement corridors should be provided for upstream-downstream passage of the full suite of
prairie fishes occurring on the PNG. In addition, where permits for road use of existing Forest
Service Roads are authorized, existing fish barriers should be replaced during the process of
bringing the roads up to Forest Plan and Forest Service Transportation standards.

Under the No Action Alternative, additional habitat fragmentation is possible and likely to occur.
The degree and extent to which habitat will be fragmented cannot be determined without site-
specific proposals. Under the No Leasing and No Surface Occupancy alternatives, there is
limited potential for additional fragmentation as a result of activities on PNG. Incidence of road
permits may increase and the FS may have opportunities to reduce additional habitat
fragmentation.

Cumulative Effects

Grazing and Oil and Gas Development have been and continue to be the primary land uses for
the Pawnee National Grassland. Minor amounts of recreation also occur on PNG lands. Grazing
and recreation management is unlikely to cause the construction of additional fish passage
barriers. Water storage or diversion projects are unlikely to be proposed for PNG lands as there is
little water to make such proposals viable. Depending of the type of lease, fish passable
structures may be constructed. Additional stream crossing infrastructure may be constructed for
existing Oil and Gas leases or private mineral access. However, the Forest Service may either
choose not to or may not be able to require fish passable structures on PNG lands. The PNG
lands comprise a scattered ownership. The interspersed private lands likely pose higher risks
overall for additional road or pipeline construction for both Oil and Gas and other types of
development.
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Comparison of Effects Among Alternatives

Table 34 Consequences of habitat fragmentation compared among alternatives.

All Alternatives

Alternative 1

Alternative 2

Alternative 4

Effects on existing leases

No Additional
Leasing

No Action-leasing
across PNG under
current Forest
Plan

Leasing under No
Surface Occupancy

Baseline conditions
present plus potential
fragmentation of any
aquatic habitat on Little
Crow Creek, upper
portion of Owl Creek,
portions of Howard
Creek, large extents of
Wildhorse Creek (east
side), large extents of

Limited additional
fragmentation as a
result of activities
on PNG. Incidence
of road permits may
increase and the FS
may have
opportunity reduce
additional habitat
fragmentation.

Risk of additional
aquatic habitat
fragmentation is
likely on any
aquatic habitat,
especially within
highest potential
development areas.

Risks from FS

Limited additional
fragmentation as a
result of activities on
PNG. Incidence of
road permits may
increase and the FS
may have opportunity
reduce additional
habitat fragmentation.

authorized actions
will remain low on
Little Owl Creek
within the
Research Natural
Area.

South Pawnee Creek,
nearly all of Kibben
Creek

Determination of Effects to Species and Rationale

The purpose of this section is to provide an analysis of the anticipated consequences to federally-
listed, regionally-sensitive, and management indicator species as a result of the various
alternatives. This section summarizes the overall effects of oil and gas leasing decisions to fish
species.

Threatened and Endangered Species (ESA)

Pallid sturgeon is a federally-listed species occurring downstream in the Platte River, Nebraska.
Under ESA and the Platte River Recovery Program, water depletions from the Platte Basin have
been determined to cause a detrimental loss of habitat available to the species downstream in
Nebraska. Within the programmatic oil and gas leasing decision, this species would only be
affected by downstream water depletions in the South Platte Basin. The leasing decision alone
will not cause additional water depletions. Rather, water depletions would occur at the site-
specific scale (i.e., APD), when wells would be authorized to be developed. In context of the
programmatic leasing decision, water depletions have been cumulatively summed based on the
RFD (Reasonable Foreseeable Development) scenario and the forecasted effects determination
has been provided for the leasing alternatives. Existing leases are anticipated to cause a 6,375
ac-ft of water depletions from the South Platte River. Under the No Leasing alternative, it is
likely that there would be collectively fewer wells and thus less water needed for the
development of oil and gas resources; however, most water used for well-drilling, development
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and production would occur on adjacent private lands. It is not determinable how much water
would be used to develop infrastructure on adjacent lands, but it is reasonable to assume that less
water would be depleted from the South Platte Basin under the No Leasing alternative compared
to others. Additional leases under the No Action alternative would result in additional water
depletions subject to Section 7 ESA consultation. Based on the RFD and assumptions of
development, the forecasted amount of additional water depletions to the South Platte River
would be approximately 7,140 ac-ft to be consulted upon during the site-specific analysis. Under
the No Surface Occupancy alternative, additional well pad development, well drilling, and most
of the other activities associated with water depletions would not occur on lands administered by
the Pawnee National Grassland. Oil and gas infrastructure that would have been developed on
PNG would be displaced to adjacent lands and thus, the forecasted water depletion for the South
Platte assumed for the No Action alternative, 7,140 ac-ft, would also occur, albeit on surface
ownerships that may or may not be subject to Section 7 ESA consultation for downstream water
depletions.

Under those forecasted water depletions, both the No Action Alternative (No. 2) and No Surface
Occupancy Alternative (No. 3) would eventually lead to similar amounts of water depleted from
the South Platte Basin. These alternative leasing decisions are expected to lead toward 7,140 ac-
ft of new water depletions largely from sources in the South Platte Basin. Most of these water
depletions would have a federal nexus for project proponents, exceeding the de minimus that the
U.S. Fish & Wildlife Service established in 2006 (U.S. Fish &Wildlife Service Biological
Opinion 2006). The No Leasing Alternative (No. 1) is not expected to lead toward an increase in
the amount of water depleted from the South Platte Basin because there would not be a large
demand for water and thus no additional water depletions as related to this leasing decision.
Actual effects determinations to pallid sturgeon have not been made for this leasing decision
because water depletions are managed site-specifically during the “APD” stage and the
responsibility of project proponents.

Forest Service Sensitive Species

The plains topminnow is a fish species on the Regional Forester’s Sensitive Species List for the
Rocky Mountain Region. This species occurs in roughly 4.5 miles of the occupied aquatic
habitat across the grassland. The most robust population occurs in West Willow Creek, while
smaller and more diffuse populations occur in South Pawnee Creek and its tributary Kibben
Creek. The species has disappeared from all other known habitats on the PNG. The species’
stronghold in Willow Creek occurs in an area identified by the BLM as having “moderately high
development potential” (i.e., 10-20 wells per Township) and occurs on top of a private mineral
estate (i.e., O&G development could occur in close proximity to sensitive habitats without
controls/stipulations by the surface owner). Thus, this particular plains topminnow habitat is
already at high risk from reduced habitat suitability as related to sedimentation, contamination,
and fragmentation. Some habitat in South Pawnee Creek is already at a moderate risk due to
existing leases and infrastructure in close proximity to occupied habitat. Only 38% of habitat
currently occupied by plains topminnow in South Pawnee Creek is relatively protected from the
potential impacts of Oil and Gas Development. The following determinations have been made in
accordance with FS Biological Evaluation Standards (FSM 2672.42).
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Table 35 Summary of the distribution, extent, and current status of fish occurrence in occupied aquatic habitats on the PNG,

Weld Co, Colorado.

The proportion of habitat at high, moderate, and low risk are indicated for each drainage.
Superscripts indicated streams historically occupied by plain topminnow (1) and northern
lains Killifish (2).

Coal 1.01 2002 NONE 100%

Creek!

Howard 0.09 2006 NONE 100%
Creek?

Little Owl 1.82 2013 fathead 17% 83%
Creek? minnow,

lowa darter,

black

bullhead,

plains

killifish

Spring 0.68 1999 green 100%
Creek sunfish

Wildhorse 1.24 2012 NONE 100%
Creek?
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Alternative 1 — No Additional Leasing of Federal Minerals. This alternative would have
few additional impacts to the either 3.5 miles of occupied or 16.1 miles (~50%) of
suitable aquatic habitat for the plains topminnow. Occupied aquatic habitat in South
Pawnee Creek would remain protected from the anticipated impacts associated with Oil
and Gas Development. Most occupied aquatic habitat in “Kibben Creek” (i.e., tributary
to South Pawnee) and in West Willow Creek may remain at a high risk of degradation.
Populations in these habitats are already at high risk of extirpation based on proximity of
existing risks and minimal control over development on National Forest System Lands.
The 3 miles of occupied aquatic habitat in South Pawnee Creek and 13.1 miles of
additional suitable aquatic habitat may be subjected to some additional fragmentation
related to Forest Service permits for road access and pipelines; however, the agency will
have more control over these permitted actions than well-drilling. Current populations
and the capacity of suitable aquatic habitats to support plains topminnow would not be
adversely affected. The likelihood that plains topminnow will remain a viable species on
the PNG is moderate under this alternative. Therefore, Alternative 1: “May adversely
impact individuals, but not likely to result in a loss of viability in the Planning Area,
nor cause a trend toward federal listing” on the plains topminnow on the PNG.
Cumulative effects of Oil and Gas development on adjacent lands may result in
degradation of suitable aquatic habitats and possibly extirpations from locally occupied
habitats; however the full extent of those impacts are indeterminable.

Alternative 2 — No Action, Development Under Forest Plan. This alternative is expected
to result in additional long-term losses or reductions to 31 miles (95%) of both suitable
and 12 miles of occupied aquatic habitat for plains topminnow. In addition to the “at
risk” occupied aquatic habitats in Willow and Kibben Creeks, habitats in South Pawnee
Creek and the 15 miles of remaining suitable aquatic habitat would also be at risk for
degradation related to sedimentation and contamination of aquatic habitats as well as
additional fragmentation related to 30 miles of anticipated road construction. Suitable
habitat in the Little Owl Research Natural Area would remain protected from most
development impacts; however, plains topminnow has never been a documented species
in the Little Owl Creek drainage. Although surface use would be stipulated, displacing
surface use by 200 meters would not adequately protect suitable aquatic habitats from
either sedimentation or contamination impacts (Entwistle and Nieves-Rivera 2014).
Thus, the quantity and quality of 16.1 miles of suitable aquatic habitat has a high
likelihood of degradation over 20 years of development and throughout the estimated 50
year production phase of an oil/gas well. Therefore, Alternative 2 is: “Likely to result in
a loss of viability in the Planning Area, or in a trend toward federal listing” for the
plains topminnow. Cumulative effects of Oil and Gas development on adjacent lands
may result in degradation of suitable aquatic habitats and possibly extirpations from
locally occupied habitats; however the full extent of those impacts are indeterminable.
Alternative 3 — No Surface Occupancy of Pawnee National Grassland. This alternative
would also have few additional impacts to the either 4.5 miles of occupied or 16.1 miles
(50%) of suitable aquatic habitat for the plains topminnow. Occupied aquatic habitat in
South Pawnee Creek would remain protected from the anticipated impacts associated
with Oil and Gas Development. Most occupied aquatic habitat in “Kibben Creek” (i.c.,
tributary to South Pawnee) and in West Willow Creek may remain at a high risk of
degradation. Populations in these habitats are already at high risk of extirpation based on
proximity of existing risks and minimal control over development on National Forest
System Lands. The 3 miles of occupied aquatic habitat in South Pawnee Creek and 13.1
miles of additional suitable aquatic habitat may be subjected to some additional
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fragmentation related to Forest Service permits for road access and pipelines; however,
the agency will have more control over these permitted actions than well-drilling.
Current populations and the capacity of suitable aquatic habitats to support plains
topminnow would not be adversely affected. The likelihood that plains topminnow will
remain a viable species on the PNG is moderate under this alternative. Therefore,
Alternative 3 “May adversely impact individuals, but not likely to result in a loss of
viability in the Planning Area, nor cause a trend toward federal listing” on the plains
topminnow on the PNG. Cumulative effects of Oil and Gas development on adjacent
lands may result in degradation of suitable aquatic habitats and possibly extirpations
from locally occupied habitats; however the full extent of those impacts are
indeterminable.

Management Indicator Species

The plains topminnow and northern plains killifish are Management Indicator Species for prairie
aquatic habitats for the Pawnee National Grassland. These species have been documented to
historically occur in most of the occupied aquatic habitats on the PNG. Based on the potential
impacts that Oil and Gas Development may have on suitable and occupied aquatic habitats (refer
to earlier portions of this chapter), population trends are likely to be affected by some of the
alternatives. The following determinations have been made for the effects of Oil and Gas
Development under the 3 management alternatives.

Alternative 1 — No Additional Leasing of Federal Minerals. This alternative would have
few additional impacts to 16.1 miles (~ 50%) of suitable aquatic habitat for the plains
topminnow and northern plains Killifish on the PNG. Aquatic habitat in South Pawnee
Creek and Little Owl Creek would remain protected from the anticipated impacts
associated with Oil and Gas Development. Aquatic habitat in “Kibben Creek” (i.e.,
tributary to South Pawnee), West Willow Creek, and Owl Creek may remain at a high
risk of degradation because populations in these areas are already at high risk of
extirpation based on proximity of existing risks and minimal control over development on
National Forest System Lands. Habitat fragmentation is expected to be limited on 16
miles (~50%) of aquatic habitat in unleased mineral areas. Current populations and the
capacity of suitable aquatic habitats to support plains topminnow and northern plains
killifish would not be adversely affected. The likelihood that plains topminnow and
northern plains killifish will remain a viable species on the PNG is moderate under this
alternative. Therefore, Alternative 1 is expected to have a slightly negative effect on
individuals of these species; however, this alternative would not result in a loss of species
viability for either plains topminnow or northern plains Killifish across the PNG.
Alternative 2 — No Action, Development Under Forest Plan. This alternative is expected
to result in additional long-term losses or reductions to 31 miles (~95%) of suitable
aquatic habitat for plains topminnow and northern plains killifish. All suitable aquatic
habitats would be at risk In addition to the “at risk” occupied aquatic habitats in Willow
and Kibben Creeks, habitats in South Pawnee Creek and the 16 miles of remaining
suitable aquatic habitat would also be at risk for degradation related to sedimentation and
contamination of aquatic habitats as well as additional fragmentation related to 30 miles
of anticipated road construction. Although surface use would be stipulated, displacing
surface use by 200 meters would not adequately protect suitable aquatic habitats from
either sedimentation or contamination impacts (Entwistle and Nieves-Rivera 2014).
Thus, the quantity and quality of all suitable aquatic habitat has a high likelihood of
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degradation over 20 years of development and throughout the estimated 50 year
production phase of an oil/gas well. Therefore, Alternative 2 is expected to have a
negative effect on individuals and populations of both plains topminnow and northern
plains killifish potentially leading to a loss of viability for species across the PNG.

e Alternative 3 — No Surface Occupancy of Pawnee National Grassland. This alternative
would also have few additional impacts to 16.1 miles (~ 50%) of suitable aquatic habitat
for the plains topminnow and northern plains killifish on the PNG. Aquatic habitat in
South Pawnee Creek and Little Owl Creek would remain protected from the anticipated
impacts associated with Oil and Gas Development. Aquatic habitat in “Kibben Creek”
(i.e., tributary to South Pawnee), West Willow Creek, and Owl Creek may remain at a
high risk of degradation because populations in these areas are already at high risk of
extirpation based on proximity of existing risks and minimal control over development on
National Forest System Lands. Habitat fragmentation is expected to be limited on 16
miles (~50%) of aquatic habitat in unleased mineral areas. Current populations and the
capacity of suitable aquatic habitats to support plains topminnow and northern plains
killifish would not be adversely affected. The likelihood that plains topminnow and
northern plains killifish will remain a viable species on the PNG is moderate under this
alternative. Therefore, Alternative 1 is expected to have a slightly negative effect on
individuals of these species; however, this alternative would not result in a loss of species
viability for either plains topminnow or northern plains Killifish across the PNG.

3.9 Wildlife Species and Habitats

3.9.1 Affected Environment

Wildlife on the Pawnee National Grassland (PNG) is diverse. A total of 59 mammal species, 8
amphibian species, 14 reptile species, 13 fish species, and 301 species of birds are known to use
the Grassland for all or a part of their habitat. This diversity of wildlife is due in part to the
diversity of habitats found on the Grassland. The location of the Grassland in relation to the
Rocky Mountains and the Great Plains, as well as its proximity to avian migration corridors, and
flyways also influences the diversity of wildlife found here.

Many of the common wildlife species that occur on the Grassland are associated with short grass
prairie ecosystems and use prairie dog colonies to meet a variety of their needs. Some of the
most common mammal species include pronghorn antelope, American badger, coyote, striped
skunk, deer mouse, thirteen-lined ground squirrel, black-tailed jack rabbit, and eastern cottontail.
Common bird species associated with prairie dog towns include eastern meadowlark, golden
eagle, American kestrel, horned lark, killdeer, and western meadowlark. Common reptiles and
amphibians include prairie rattlesnakes, Texas horned lizards, Wood house’s toad, Plains spade
foot toad, and tiger salamanders.

Black-tailed prairie dogs have been called a “keystone” species, a foundation species, and a
highly interactive species by authors, based on its pronounced impact on the grassland ecosystem
and its role in grazing, burrowing, and as a prey species. Many species depend on prairie dogs as
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prey and still more depend on prairie dog burrows for shelter. Others depend on prairie dogs to
create and maintain open habitats. Sharps and Uresk (1990), state that 134 vertebrate species
have been documented on prairie dog towns. Many of these occur on the PNG.

The analysis area serves as pronghorn habitat. This species is a game species and numbers are
managed by the CPW. The entire PNG serves as fawning habitat (CPW 2011).

The PNG is also known for its raptors. The Pawnee Buttes is visited by the public, as
historically the area supported several raptor nest sites. Golden eagles, ferruginous hawks and
prairie falcons historically nested at the Buttes. In 2012 and 2013 there was one known prairie
falcon nest site. Golden eagle and ferruginous hawk numbers have drastically decreased in the
past 20 years, based on annual monitoring. The ferruginous hawk resides on the PNG year
round. The rough legged hawk inhabits the grassland during the winter months. It nests in the
northern part of North America. The Swainson’s hawk is a summer resident and the most
common nesting hawk. American kestrels, an occasional red tail hawk, and great-horned owls
also nest on the PNG. It is a Forest Plan standard to protect raptor nest sites.

Conversion of native grasslands to agricultural cropland and urban development has altered the
look and character of the short grass prairie region. This alteration and fragmentation of the
landscape has changed the level of wildlife diversity the vast landscape once supported. Concern
has grown over the past several years for the long-term sustainability, diversity, and integrity of
many components of the short grass prairie grassland ecosystem as a whole (Grassland Species).
Grasslands are one of the most threatened ecosystems on the planet (Steidel et. al. 2013)

Species Considered and Evaluated
Threatened and Endangered Species

An analysis was conducted per Forest Service Policy on Threatened, Endangered, Sensitive and
MIS species who may be impacted by the proposed project. The Endangered Species Act of
1973 (as amended) requires all federal departments and agencies to conserve Threatened and
Endangered species and the habitats on which they depend, and to consult with the U.S. Fish and
Wildlife Service on all actions authorized, funded, or carried out by the agency to ensure that the
actions will not likely jeopardize the continued existence of any Threatened and Endangered
species or adversely modify critical habitat (FSM 2670; USFS 2005). The Forest Plan also
identifies species of viability concern on the Forest and species for which additional baseline
information is needed to determine viability status.

Table 36 Threatened and Endangered Species Considered in this Analysis

Common Name | Species Status Species Reason for
Excluded from | Exclusion
Further Analysis
Piping Plover Charadius Threatened N

melodus
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Least Tern Sterna Endangered | N
antillarum
Mexican spotted | (Strix Threatened Y No habitat
owl occidentalis
lucida)
Whooping Grus Endangered | N
Crane Americana
Preble’s (Zapus Threatened Y No habitat
Meadow hudsonius
Jumping Mouse | preblei)

Sensitive Species
In addition, the Forest Service requires a biological evaluation of effects on species proposed

for federal listing as Threatened or Endangered, and Forest Service Sensitive species and
habitat (FSM 2672.4; USFS 2009). Sensitive Species are identified by the Forest Service
Regional Forester as “those...for which population viability is a concern, as evidenced
by...significant current or predicted downward trends in population numbers or density..." or
"significant current or predicted downward trends in habitat capability that would reduce a
species' existing distribution.” (FSM 2670.5; USFS 2005). A biological evaluation is
necessary to ensure that Forest Service actions do not contribute to loss of viability of any
Threatened, Endangered, Proposed, or Sensitive plant or animal species, or cause any species
to move toward federal listing. The biological evaluation is also used to identify
opportunities for species and habitat enhancement and to reduce potential negative impacts.
The analysis of effects on wildlife species, including Threatened, Endangered, Proposed,
Sensitive, Management Indicator, and Species of Viability Concern (collectively referred
to as “special status species”). The quality and quantity of habitat is considered in the
analysis (USDA 1981).

Table 37 Sensitive Species Considered in this Analysis

(N:gll\\AAEAON SPECIES ﬁﬁiﬁ.‘ﬁ;gﬁﬁ;ﬂgg%FROM REASON FOR EXCLUSION
Mammals

Mammals
Black-tailed Cynomys ludovicianus No
prairie dog
Fringed myotis Myotis thysanodes No
Swift fox Vulpes velox No

Birds
American bittern Botaurus lentiginosus No
Bald Eagle Haliaeetus Yes Rare migrant on the PNG. No species
leucocephalus or habitat within the project area.

Black tern Chilidonias niger No
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COMMON

SPECIES EXCLUDED FROM

NAME SPECIES FURTHER ANALYSIS REASON FOR EXCLUSION
Brewer’s sparrow | Spizella breweri No
Burrowing owl Athene cunicularia No
Cassin’s sparrow | Aimophila cassini No
Chestnut-collared Calcarius ornatus No
longspur
Ferruginous hawk | Buteo regalis No
Grasshopper Ammodramus No
sparrow savannarum
Lewis” woodpecker | Melanerpes lewis No
Loggerhead Lanius ludovicianus No
shrike
Long-billed Numenius americanus No
curlew
McCown’s Calcarius mccownii No
longspur
Mountain Plover | Charadrius montanus No
Northern harrier | Circus cyaneus No
Olive-sided Contopus cooperi Yes Resides in pine trees of interior forest
flycatcher
Peregrine falcon Falco peregrinus Yes Rare migrant on the PNG. No species
or habitat within the project area.
Purple martin Progne subis Yes Rare migrant on the PNG. No primary
habitat (aspen) present.
Yellow-billed Coccyzus americanus No
cuckoo occidentalis
Amphibians
Northern leopard Rana pipiens No
frog
Invertebrates
Regal fritillary Speyenia idalia No

butterfly

The Forest Plan identifies management indicator species (MIS) as a way to monitor wildlife
population changes on the Grassland. Management indicator species are wildlife species that
have been selected by a National Forest and Grassland to represent the habitat needs of a
larger group of species requiring similar habitat communities and that are likely to reflect
changes in habitat conditions. MIS are also chosen to address a significant issue on the
National Grassland.

Management Indicator Species and Sensitive Species Analyzed Fully in the EIS
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For this EIS, Management Indicator Species (MIS) and those sensitive species considered to
be most at risk from the indirect impacts of the Leasing Decision were chosen for a detailed

analysis.

The analysis area considered for this project includes the lands administratively available for
oil and gas leasing in the administrative boundaries of the Pawnee National Grassland (PNG).

Acres of habitat were calculated based on the species habitat within cumulative impact

analysis areas. For most species, the administrative boundary of the PNG was determined to
be adequate in size. For species such as the swift fox, and mountain plover, whose habitat use
occurs in between and beyond the boundaries of the PNG, an impact analysis area extended
beyond the administrative boundaries. For more information on the analysis area rationale
refer to the wildlife project files. Below is a table with their status, and acres of habitat for the

species analyzed.

Table 38 Potential Acres by Species in Wildlife Analysis Area

Species Habitat Forest Service Management | Potential Habitat | Acres of PNG
description Species Indicator Acres in habitat
Designation Community wildlife analysis
area (includes
private lands)
*Mountain Loamy plains MIS and Short grass 874,559 121,453
Plover and 5% or less Sensitive prairie
slope
*Swift fox Short grass Sensitive N/A 1,250,714 175,394
prairie,
agricultural
pastures on PVT
Black-tailed Prairie dog MIS and Prairie dog 132,080 42,499
Prairie Dog burrows Sensitive towns
Western Prairie dog MIS and Prairie dog 132,080 42,499
Burrowing Owl | burrows Sensitive towns
Ferruginous Primarily Trees, | MIS and Short grass N/A 158,572
Hawk occasional use of | Sensitive and mid grass
cliff sites, prairie
ground for
nesting.
Foraging.
Northern Wetlands, ponds. | Sensitive N/A Approximately | Approximately
Leopard frog 33 miles of 33 miles of
stream stream, 9
occupied sites
Lark bunting Mid to tall grass | MIS Mid to tall N/A 11,067
prairie grass prairie
Mule Deer Prairie MIS Prairie N/A 1,339
woodlands woodlands

*analysis area extends beyond oil/gas EIS analysis area boundary due to species’ range

Methodology
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Potential effects to wildlife were assessed by considering 1) life history requirements, 2) species’
occurrence, where known 3) assessing known impacts from both existing oil and gas
development activities as well as other actions which have similar effects to wildlife and wildlife
habitats. Key indicators for these impacts are described below. 4) Applying the Reasonable
Foreseeable Development (RFDS) Scenario to species’ habitat. The RFDS projection was
applied to species’ habitat in order to display the greatest level of potential effects if all
development were to occur within a specie’s habitat. Potential impacts are described broadly

because the site specific locations of future oil and gas development are unknown.

The acres of land disturbance and road miles are based on the Reasonably Foreseeable
Development (RFD). The RFD predicts that approximately 80 well pads, totaling 960 acres of
disturbance may occur on the PNG during the construction phase. In the short-term (less than 1
year) a typical well pad will disturb 12 total acres (10 acres for the well pad, 1 acre for the road,
and 1 acre for the pipeline).

In the long term (after 1 year) a typical well pad will disturb 1.5 acres (1 acre for the pad, .5 acres
for the road, and zero for the pipeline—because it’s buried underground). Total road miles for
all 80 wells were calculated at 30 miles This is derived from approximately .3 miles of road per
well pad (80 well pads) (White 2014).

Because it is not known where the well pads would occur, an assumption was made by the
interdisciplinary team that some of the well pads would occur on the unleased lands, while others
would occur on the already leased lands or private minerals with federal surface ownership on

the PNG.

For analysis sake, it was assumed that the percentage of well pads and their associated acreage
would occur based on the percentage of lands on each of the three types of minerals estates
occurring on the PNG. Below is a table depicting this break out of acreage and road miles by

mineral estate.
habitat.

These calculations are used throughout the analysis and applied to the species’

Table 39 Acres of Land Disturbance during Construction and Reclamation Stage and Road Miles Based on 960 acres of well
pads and 30 miles of Road

Mineral Estate | % of PNG Approximate | Approximate Approximate Approximate
and land in each | number of Acres Acres Road Miles
Approximate | Mineral well pads Impacted Impacted After | (based on 30
Acres of Estate analyzed during Reclamation miles of road
PNG Land (total =80) | Construction (1.5 acres per | total)

Phase well pad)

(alternative 2

and 3)* (12

acres per well

pad)
Unleased 53% 42 (53% of 960 (42 well pads | (53% of 30
100,329 acres acres)= 508 X 1.5acres) = | miles)= 16

acres 60 acres miles
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Leased 23% 18-19 (23% of 960 19 well pads (23% of 30
43,444 acres acres)= X15= miles = 6.9
221 acres 29 acres miles
Private 24% 20 (24% of 960 20 well pad X | (24% of 30
Minerals acres)= 15acres=30 | miles=7.2
43,444 acres 231 acres acres miles

*Alternative 1 would be approximately 10% more well pads and roads than under alternative 2
or 3. This is due to the fact that PNG lands would be avoided, and avoiding the lands would
result in more well pads. Refer to the EIS, Chapter 2, for more clarification of Alterative one.
Therefore, 46 well pads were analyzed (10% additional to the 40 well pads), and 10% more
acres, resulting in approximately 539 acres of disturbance. Reclamation would result in
approximately 63 acres of disturbance from well pads and roads long term. There would be
approximately 10% more roads (compared to 16 mile of unleased lands under alternative 2 or 3),
resulting in 17 miles of road that is analyzed in the indirect effects.

Terrestrial Wildlife Key Indicators and Evaluation Measures

Indirect effects to wildlife that may occur once a parcel of the Pawnee National Grassland is
leased and subsequently developed for oil and gas production can be categorized into two broad
relevant issues: behavioral disturbance impacts and physical impacts. Key indicators were
developed to help focus the oil and gas potential future development effects analysis on priority
issues for wildlife. These are listed below along with appropriate measures for evaluating each

key indicator.

Table 40 Terrestrial Key Indicators and Evaluation Measures

Identified issue

Indicator

Terrestrial Wildlife Issue Statement
(Physical) Potential future development of oil
and gas leases could result in physical impacts
to terrestrial wildlife habitats and movement
corridors including habitat loss, habitat
degradation, mortality, interruption of
wildlife movement corridors, and isolation)

Percent of habitat lost or substantially
degraded as compared to available habitat
(calculation)

Habitat fragmentation —narrative discussion

Increase in invasive plants (Narrative
Discussion)

Terrestrial Wildlife Issue Statement
(Behavioral)

Potential future development of oil and gas leases could
result in behavioral disturbance, impacts or mortality to
terrestrial wildlife species due to oil and gas
development, and production activities associated with
road use, noise, and night time lighting.

Human presence and noise (narrative)
Road density/miles of road (calculation)

# of visits with traffic (calculation)
noise level (narrative

3.9.2 Environmental Consequences
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Federally listed species

Within the programmatic oil and gas leasing decision, the whooping crane, piping plover, and
least term species would only be affected by downstream water depletions in the South Platte
Basin. The leasing decision alone will not cause additional water depletions. Rather, water
depletions would occur at the site-specific scale (i.e., Application Permit to Drill), when wells
would be authorized to be developed. In context of the programmatic leasing decision, water
depletions have been cumulatively summed based on the RFD (Reasonable Foreseeable
Development) scenario and the forecasted effects determination has been provided for the
leasing alternatives. Existing leases are anticipated to cause a 6375 ac-ft of water depletions
from the South Platte River. Under the No Leasing alternative, it is likely that there would be
collectively fewer wells and thus less water needed for the development of oil and gas resources;
however, most water used for well-drilling, development, and production would occur on
adjacent private lands. It is not determinable how much water would be used to development
infrastructure on adjacent lands, but it is reasonable to assume that less water would be depleted
from the South Platte Basin under the No Leasing alternative compared to others. Additional
leases under the No Action alternative would result in additional water depletions subject to
Section 7 ESA consultation. Based on the RFD and assumptions of development, the forecasted
amount of additional water depletions to the South Platte River would be approximately 7140 ac-
ft to be consulted upon during the site-specific analysis. Under the No Surface Occupancy
alternative, additional well pad development, well drilling, and most of other activities associated
with water depletions would not occur on lands administered by the Pawnee National Grassland.
Oil and gas infrastructure that would have been developed on PNG would be displaced to
adjacent lands and thus, the forecasted water depletion for the South Platte assumed for the No
Action alternative, 7140 ac-ft, would also occur, albeit on surface ownerships that may or may
not be subject to Section 7 ESA consultation for downstream water depletions.

Under those forecasted water depletions, both the No Action Alternative (No. 2) and No Surface
Occupancy Alternative (No. 3) would eventually lead to similar amounts of water depleted from
the South Platte Basin. The No Leasing Alternative (No. 1) is not expected to increase the
amount of water depleted from the South Platte Basin.

e Alternative 1 — No Additional Leasing of Federal Minerals. This alternative would have
“no effect” on Pallid Sturgeon because without O&G development (e.g., drilling, hydro-
fracturing) there would not be a large demand for water and thus no additional water
depletions as related to this leasing decision. It is undeterminable how much water might
be used or needed for any road construction related to O&G development occurring on
adjacent lands.

e Alternative 2 — No Action, Development Under Forest Plan. This alternative is expected
to result in 7,140 ac-ft of new water depletions largely from sources in the South Platte
Basin. We anticipate that most of these water depletions would have a federal nexus for
proponents. These water depletions exceed the de minimus that the U.S. Fish & Wildlife
Service established in 2006 (U.S. Fish &Wildlife Service Biological Opinion 2006).
Depletions exceeding the de minimus adversely affect species dependent on the Platte
River Ecosystem, therefore the No Action alternative “may affect and is likely to
adversely affect” the whooping crane, piping plover, and least tern,

e Alternative 3 — No Surface Occupancy. This alternative is also expected to result in
7,140 ac-ft of new water depletions largely from sources in the South Platte Basin. Many
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of these water depletions would likely have a federal nexus for proponents due to
connectedness of the federal mineral estate as accessed via adjacent non-federal lands.
These water depletions exceed the de minimus that the U.S. Fish & Wildlife Service
established in 2006 (U.S. Fish &Wildlife Service Biological Opinion 2006). Depletions
exceeding the de minimus adversely affect species dependent on the Platte River
Ecosystem, therefore the No Surface Occupancy alternative “may affect and is likely to
adversely affect” the whooping crane, piping plover, and least tern.

Sensitive and Management Indicator Species Effects
Physical Disturbance Impacts

Potential future development of oil and gas leases has the potential to physically impact
terrestrial wildlife habitats and movement corridors. Physical impacts may include
habitat loss,

habitat degradation,

habitat fragmentation and isolation,

and interruption of wildlife movement corridors (USDA unpublished).

The loss, removal, or fragmentation of vegetation and habitat structure influences wildlife by
reducing quality, quantity, extent, and/or availability of resources for critical life requirements.
Critical life requirements include food, cover, water, and space needed for survival, growth,
reproduction, and protection from predators and weather. Refer to the wildlife species’ effects
analysis for % habitat loss by species.

Although the actual physical footprints of well pads, associated facilities, pipelines and access
roads do not result in large amounts of direct habitat loss, the presence of oil and gas
development can result in considerable effects to wildlife in some areas. In general, an increase
in people and human development can degrade wildlife habitat and change wildlife movement
patterns (USDA 2012). Refer to the behavioral disturbance impact section for more
information.

The loss or substantial degradation of habitats can modify wildlife occurrence, abundance,
and distribution at local scales, and potentially influence wildlife at larger landscape levels. In
addition to the physical impacts that may be caused by the potential future construction of oil
and gas facilities, impacts to wildlife habitats could result from the potential construction of
new roads to access oil and gas development areas . Additional physical impacts associated
with oil and gas development and production activities may include unintentional wildlife
mortality resulting from collisions with wildlife along access roads, entrapment in open
vertical pipes and vents, drowning, poisoning, or hyperthermia from contaminated water
sources (such as reserve pits, oil field waste pits, ponds and tanks, and wastewater disposal
facilities. (USDA 2012).

Habitat fragmentation has the potential to isolate small populations, contribute to decreased
population distribution, and contribute to the increased likelihood of local extinction. This may
occur naturally through such agents as fire, landslides, wind throw, and insect attack. On
managed lands, human-related activities (e.g., timber harvesting, oil/gas development, resource
extraction, and road construction) have been the dominant disturbance agents (USDA Sioux

123



2012- Custer National Forest). For larger mammals, fragmentation may hinder metapopulation
dynamics such as migration and dispersal. At a smaller scale, wildlife such as small mammals
and reptiles are affected by single roads that may split a population in half and prevent migration
in and out. Fragmentation of fish and wildlife populations leads to reduced genetic diversity and
increased susceptibility to population decline. This is particularly true for migratory species that
habitually move long distances (USDA 2014, USDA 2012a- Custer National Forest).

Roads are a major source of habitat fragmentation Roads also contribute to impacts such as
barriers to movement of wildlife; and can isolate rare and unique habitats, or intersect habitats
such as riparian areas. Overall, the physical effect of road corridors (in the absence of human
use) has the most adverse effect on wildlife when 1) the road is wide 2) is constructed in remote,
undisturbed habitat 3) divides limited habitat essential to small animals or separates resources
needed within the annual home range (Meadows 2002). Larger animals may also cross roads less
than expected (Mace et al. 1996; Krebs and Lewis 1997), though this may be related more to
avoiding traffic and noise than to the physical presence of the road. The barrier effect also varies
with the size of the road and the level of traffic. Roads also are sites of human disturbance,
which will be addressed further in the document (USDA 2014).

Roads act as common vectors for the introduction of noxious weeds and non-native plants,
wildlife, and diseases. These noxious weeds and non-native species and diseases can lead to
habitat degradation, competition with native species, and potentially reduced survival of native
species. The creation of well pads also increases noxious weeds through disturbance to soil and
increases the risk of heavy equipment from other areas bringing in new noxious weed seeds.
Invasive plants usually deplete soil and water resources more quickly and aggressively than
native plants, thus out-competing them, and reducing the diversity of the vegetation, which tends
to diminish the value of wildlife habitats in general.

Roads are a primary, chronic source of sedimentation for aquatic, wetland, and riparian habitats.
Increased sedimentation in water sources can result in the following: stream bank instability,
channel widening and straightening, decreased water depths, changes to water flows, reduced
dissolved oxygen capacity, loss of invertebrate and fish spawning habitats, filling of pools, and
changes to water temperatures.

New road construction would provide increased access to remote wildlife habitat areas by both oil
and gas personnel and possibly other users. Pipelines supporting oil and gas activities that may
be constructed cross- country outside of road right of ways would also result in physical impacts
to wildlife habitat. Pipeline corridors could be re-vegetated within a few years. Pipelines would
contribute to the fragmentation of wildlife habitats but would not be expected to deter wildlife
movements for the long term.

Possible future development of oil and gas resources has the potential to negatively affect water
quality and quantity in creeks, ponds, wetlands, playas and springs. Construction and use of
roads and well pads can result in erosion of soils, some or which may reach water sources.
Chemical water quality can be affected by spills and leaks of industrial chemicals and drilling
fluids used in the drilling and finishing processes (USDA 2012). Pipelines can leak, causing
contamination to the ground and wildlife habitat. For more information on the impacts to water
quality and aquatic habitats, see the Hydrology Section.
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Behavioral Disturbance Impacts

Potential future development of oil and gas leases could cause behavioral disturbance
impacts to terrestrial wildlife. Behavioral disturbances in wildlife may include:
= Changes in use of habitats

= Changes in use of movement corridors
= Changes in behavior
= Physiological reactions to stress (especially during critical time periods such as winter

and reproduction periods) (USDA 2012).
e Mortality

The behavioral disturbances listed above could be caused by any of the following:

= Presence of people

= \ehicle and equipment noise

= Construction activities

= Lights from drill rigs, vehicles, and facilities
= Increased vehicle traffic

These oil and gas activities may lead to displacement of individuals from preferred habitats to
areas that are less desirable. They may also result in a change in use of wildlife travel routes and
movement patterns. Ultimately, behavioral disturbances could lead to avoidance of habitats.

Behavioral impacts may in turn lead to increased vulnerability to mortality through predation,
energy expenditure in winter, and loss of critical food or water resources. Physiological
reactions to stress and reduced nutrition can also lead to reductions in reproductive success or
survival (Joslin and Youmans 1999; Knight and Gutzwiller 1995; Olliff et al. 1999; USDA Forest
Service 2000; Wisdom et al. 2004).

Behavioral disturbance impacts of road use have been documented in many wildlife species.
The widespread detrimental impacts of human disturbance on wildlife, fish, and plant
communities are well documented throughout these reports. No positive benefits to native
species of wildlife, fish, or rare plants have been identified from increases in road and trail
access. Direct and indirect effects on species that have been identified in the literature indicate
negative impacts to all studied species as motorized, mechanized, and other travel uses
increase.

Roads and trails allow increased human intrusion into wildlife habitats. Disturbance by humans
and vehicles on roads and trails make habitats less secure for wildlife USDA 2012). In
addition, increased humans can lead to higher mortality risk from increased collisions
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intentional or unintentional harassment, poaching and increased harvest levels by legal hunting
(USDA 2014, Lyon 1983).

The use of roads to access oil and gas sites has a high potential to impact wildlife species along
these corridors. There is high potential for impacts, because the potential future development and
operation of oil and gas activities include many visual and noise producing sources. These
sources include:

= Large and potentially noisy vehicles and facilities
= High frequency road use (traffic)
= Day and night operations (24 hours)

Potential future oil and gas development is also anticipated to result in new road construction
to access development sites. An increase in road density would result in a reduction of wildlife
habitat effectiveness. Researchers found the type and magnitude of human disturbance impacts
on wildlife varies depending on many factors. These factors include the type of activity;
predictability, frequency and magnitude; time of day or season of year; and location of the
disturbance (Knight and Gutzwiller 1995).

Traffic volume is especially important when evaluating road impacts to wildlife. Jaeger etal.
2005, found that although vulnerability to traffic varied among species, traffic volume had the
greatest effect on population persistence. Traffic also had the greatest impacts in largely
undisturbed areas (Charry Jones 2009). Vehicle traffic both day and night could result in
moralities to wildlife by vehicle collisions and potential for wildlife poaching (USDA 2012).

The scientific literature contains a number of studies on the effects of roads and oil and gas
activities on wildlife. A couple particularly relevant studies are summarized below. When
reviewing these studies, however, it is important to note that the term “avoidance” as used in
these articles does not mean total avoidance, but instead refers to disproportionately low use
based on the type or extent of habitat present.

For lesser prairie-chicken, Pittman (2005) determined that they avoided nesting for 80 meters
(wellheads) to greater than 1,000 meters (buildings) from wellheads, buildings, improved
roads, transmission lines, and center-pivot irrigation fields in sand-sagebrush habitat.

More recently, during a 10-year study of mule deer habitat use prior to and during the
development of the Pinedale gas field in southwestern Wyoming, Sawyer and Nielson (2010)
reported that deer consistently avoided habitat within 2.5 to 3.5 kilometers from well pads,
although this habitat was of high use prior to development. Sawyer and Nielson also found
that mule deer abundance was 60 percent lower in 2009 compared to 2001 within the study
area while abundance was increasing in the reference area.

Reed et al. (1996) calculated that the effective habitat loss associated with construction of new
roads in an area open to logging was 2.5 to 3.5 times the actual habitat loss, assuming a
“road-effect” zone extending 100 meters from a road.

Bird communities changed in response to noise at well pads. Species diversity decreased, nest
site locations changed, and predation of some species’ nests were lessened due to a reduction
of predatory birds (Francis, C.P. Ortega and A. Cruz 2009).
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Ingelfinger (2001) reported that numbers of sagebrush steppe songbirds are reduced by up to 60 percent
within 100 meters of high-traffic roads (greater than 12 vehicles per day) associated with oil and gas
development and by up to 50 percent within 100 meters of low-traffic roads.

Studies of the effects of human disturbance on wildlife have revealed there are critical
periods for many bird and mammal species when disturbance can result in more serious
impacts (Knight and Gutzwiller 1995). The immediate postnatal period for mammals and the
breeding period for birds are often the most sensitive. The impacts would be greatest in these
areas during periods of critical wildlife use such as reproduction seasons and winter months
when species survival is most difficult. (USDA 2012). Areas such as pronghorn fawning
areas, raptor nest sites, and prairie dog towns are areas of concern.

Below is a table depicting road densities by mile per square mile in the PNG analysis area by
alternative for unleased lands. When considering the impacts of indirect impacts of unleased
lands, under alternative 1, there would be approximately 17 miles of road on private lands.
This increase accounts for approximately 10% more well pads. Under alternative 2, there
would be approximately 16 miles additional roads to access well pads. Under alternative
3, there would be approximately 16 miles of road, with the majority being built on private
lands. Therefore, under alternative 1 and 4 there would be no increase in road densities on
PNG lands unless exceptions were granted to the lease stipulation of NSO. Alternatives 1 and
3 would also result in more secure areas for wildlife and less fragmentation on the PNG lands.
Of the three alternatives, impacts to wildlife fragmentation and other behavioral impacts
described above would be least under alternative 3. At road densities of over 2 mile/square
mile, surrounding habitat for large mammal species is considered to be reduced by at least
50% (WildEarth Guardians 2006). Adding in the additional miles of road, as displayed below,
increases the road density by a negligible amount.

Table 41 Total Road Density within the PNG Administrative Boundary by Alternative

Existing Alternative 1 Alternative 2 Alternative 3
Condition miles /square miles /square (addition of 16
road density mile (addition mile of road miles of road on
miles/square of 17 miles of (addition of 16 private land )
mile) road on private miles of road on

land ) road PNG land )
1.74 1.76 1.76 1.76

Summary of Comparison of Alternatives by Indicator

The table below summarizes impact determinations to species analyzed for this project based
on physical and behavioral indicators. For more information, refer to species effects analysis
in Chapter 3 of the EIS or BE. The table below was used as a way to compare alternatives by
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indicator on the PNG. For wildlife these indicators are behavioral and physical indicators and
are discussed above.

Table 42 Comparison of Indicators by Alternative.

Indicators Alternative 1- Alternative Alternative
no additional 2- No 3 NSO
leasing action

Forest Plan

Habitat loss Negligible Moderate Negligible

adverse

Habitat Minor adverse Moderate Minor

fragmentation adverse adverse

Human Moderate * Moderate Moderate

presence and adverse adverse adverse

disturbance

Road density Negligible Negligible Negligible

# of traffic Moderate Moderate Moderate

visits adverse adverse adverse

Increase in Minor adverse Moderate Minor

invasive plants adverse adverse

* construction phase for all determinations. Impacts for human disturbance and # traffic visits would
decrease during the production phase.

In some cases, impacts to individual’s species may vary from the above table. The table
depicts an overall summary to compare the wildlife indicators analyzed between the
alternatives and focusing on impacts on PNG lands. It does not include the cumulative
impacts of additional drilling that is occurring on private lands beyond the 80 well pads
analyzed in this EIS. In some cases, combined with the cumulative impacts on private, there
could be a more noticeable impact, such as moderate to major adverse for indicators such as
habitat fragmentation or traffic.

Habitat loss and fragmentation would not occur on PNG lands under alternatives 1 and 3.
The no leasing alternative and the NSO would reduce and/or avoid impacts to wildlife. Large
areas of unfragmented land equaling about 1000,00 acres would remain on the PNG. To
further clarify, under all alternatives, impacts such as human presence and traffic from well
pads built on private lands can impact wildlife residing on the PNG. This is because although
well pads are placed on private lands, wildlife species use both private and PNG land. Also,
the unique situation of the mixed land ownership pattern on the PNG causes indicators such
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as traffic and human disturbance to occur adjacent to PNG lands and therefore still impacts
wildlife within the boundaries of the federal PNG lands. One disadvantage of alternative 1
and 3 is that site specific design measures at well pad sites such as for noise, and perch
inhibitors to lessen impacts cannot be designed at the APD stage, as in alternative 2. Well pad
design would occur under the COGC (Colorado Oil and Gas Commission) regulations. Under
alternative 2, there is the possibility of implementing section b of the standard lease term
form. This section allows for measures to reduce impacts to sensitive species including prairie
dogs to reduce adverse impacts to the prairie dog. A more site specific analysis at the APD
stage would need to occur to determine the level of impact.

Overall, alternative 2 is the most impacting alternative, with alternative 1 being intermediate
in impacts. The 10% increase in roads and well pads under alternative 1 would be more
impacting than under alternative 3, but 10% was not measureable enough to distinguish a
difference in impact determinations used above. Because there would be less well pads and
roads under alternative 3 than alternative 1 and well pads and associated roads would not
occur on the PNG, alternative 3 is the least impacting alternative for wildlife.

Effects to Sensitive Species

The following sensitive species may occur in the project area and may be impacted by the
proposed project: the fringed myotis, American bittern, black tern, Long-billed curlew,
Yellow-billed curlew, brewer’s sparrow, Cassin’s sparrow, chestnut-collared longspur,
grasshopper sparrow, Lewis’s woodpecker, loggerhead shrike, McGowan’s long spur, regal
fritillary butterfly, and Northern harrier

Under alternative 2 there would be a minor to moderate loss of habitat with the construction
of 80 well pads resulting in 960 acres of habitat loss if all well pads occurred in any one
species’ habitat. During the construction phase, there would be a loss of habitat of
approximately 60 acres. It is not known at this time where well pads would be placed. Site
specific impacts would need to occur at the APD stage. Timing stipulations for the mountain
plover of April 10-July 10 would reduce impacts of bird species relying on similar nesting
habitat to the mountain plover such as the long-billed curlew, McGowan’s longspur, and
loggerhead shrike.

Under alternative 1 and 3, there would be no loss of habitat on the PNG for any of the
sensitive species listed above. Habitat loss and increased fragmentation would occur on
private lands. Fragmentation and habitat loss would be the least under alternative 3 because
there would be about 10% less roads and well pads built compared to alternative 1. Well pads
may be built adjacent to PNG habitat of these species during the nesting season under
alternatives 1 and 3.
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Under all alternatives, increased traffic would occur at the level of over 300,000 vehicle trips
if all 80 well pads were constructed at the same time. This would be an unlikely occurrence.
For about 50 years (the life of the well) there would be approximately 2 one way vehicle trips
per day to the well pads. The increased traffic would likely increase the risk of mortality by
vehicles to all sensitive species. Under all alternatives, there would be an increase in road
density with the addition of about 16 miles of road under alternatives 2 and 3, and 17 miles of
road under alternative 1. This increase in road density compared to the overall road density
discussed above is a minor to moderate effect. Human disturbance for several months at one
well pad may occur under all alternatives adjacent to or on the PNG. This may result in
species’ avoiding portions of the PNG due to human disturbance and noise. The impacts of
roads would be greatest under alternative 2 because there would be increased fragmentation,
especially on important habitats such as prairie dog towns or near aquatic habitat.
Fragmentation of the grassland as a whole, including private lands would occur. Increased
noxious weeds would likely occur as a result of well pad construction. This increase in
noxious weeds would be most detrimental under alternative 2, because noxious weeds could
occur along road sides at well pads. Conditions of approval for noxious weed treatment could
occur under alternative 2.  Noxious weeds may also increase under alternatives 1 and 3, with
three being the least impacting because less well pads and roads would be built than under
alternative 1.

In consideration of these impacts, the loss of habitat is minor (< 1 % of the Pawnee) and
fragmentation under all alternatives would not substantially increase based on road densities
discussed above. Several of these species have not occurred on the PNG more than
occasionally and have limited amounts of habitat. This reduces the likelihood of impacts.
Some of these species include the yellow billed cuckoo, long billed curlew, American bittern,
regal fritillary butterfly and black tern. Some of the species have abundant habitat on the
grassland, such as the McGowan’s long spur. Based on previous analyses of several species
utilizing similar habitat, and considering the impact of oil/gas activities on these species, and
the likelihood of occurrence, under all alternatives, this project may adversely impact
individuals but is not likely to cause a loss of viability in the planning area or cause a trend
towards federal listing for the following species: the fringed myotis, American bittern, black
tern, Long-billed curlew, Yellow-billed curlew, brewer’s sparrow, Cassin’s sparrow, chestnut-
collared longspur, grasshopper sparrow, Lewis’s woodpecker, loggerhead shrike, McGowan’s
long spur, regal fritillary butterfly, and Northern harrier

The table below includes a summary of the impact determinations to sensitive wildlife species
by alternative

Table 43 Summary of Impact Determinations To Sensitive Wildlife Species

COMMON NAME ALTERNATIVE 1 ALTERNATIVE 2 ALTERNATIVE 3
Black-tailed prairie dog | MII MII MII
Fringed myotis Ml M1 Ml
Swift fox MII MII MII
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COMMON NAME ALTERNATIVE 1 ALTERNATIVE 2 ALTERNATIVE 3
American bittern MIlI MiIlI Mil
Black tern Mil MiIlI Mil
Brewer’s sparrow Ml Ml Ml
Northern Burrowing MIlI MIlI Ml
owl

Cassin’s sparrow MII MII MII
Chestnut-collared MIlI MiIlI MII
longspur

Ferruginous hawk MIlI MIlI MII
Grasshopper sparrow MII M1l Ml
Lewis’ woodpecker Mil Ml Ml
Loggerhead shrike MII M1l Ml
Long-billed curlew M1 M1l Ml
McCown'’s longspur MII M1l Ml
Mountain Plover MII M1l Ml
Northern harrier MilI MII MII
Yellow - MII MIlI MII
billed cuckoo

Northern leopard frog | MlI WLRLV Ml
Regal fritillary Mil MiIlI Mil
butterfly

MI1: may impact individuals but is not likely to result in a loss of viability in the

planning area or cause a trend in federal listing.

The majority of the Management Indicator Species analyzed are sensitive species. The analysis
for these species is discussed previously. The mule deer and lark bunting are MIS species that
are not sensitive species.

Table 44 Summary of Determinations for MIS species

MIS Species

Alternative 1

Alternative 2

Alternative 3

Mountain Plover

Neutral influence
on habitat and
neutral impact on
local population

Neutral influence
on habitat and
neutral influence
on local
population

Neutral influence
on habitat and
neutral impact on
local population

Northern Burrowing

Neutral influence

Negative

Neutral influence
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Owl

on habitat and
negative
influence on

influence on
habitat negative
influence on local

on habitat and
negative
influence on

local population population local population
Black-tailed prairie dog Neutral influence Negative Neutral influence
on habitat and influence on on habitat and
neutral influence habitat and negative
on local negative influence on local
population influence on local population
population
Ferruginous hawk Negative Negative Negative
influence on influence on influence on
habitat and habitat and habitat and
negative impact negative negative

on local

influence on

influence on

population local population local population

Mule Deer Negative Negative Negative
influence on influence on influence on
habitat and habitat and habitat and
negative negative negative
influence on local influence on local influence on local
population population population

Lark Bunting Neutral influence Negative Neutral influence
on habitat, influence on on habitat and
negative habitat and negative
influence on negative influence on local
population influence on local population

population

3.10 Air Quality

Legal Framework

The Forest Service manages lands in accordance with Congressional direction in the form of
legislation. There are several important laws affecting the way the service protects air quality as
well as resources that may be adversely affected by air pollutants.

Wilderness Act
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The Wilderness Act of 1964 created the National Wilderness Preservation System in order to
“secure for the American people of present and future generations the benefits of an enduring
resource of wilderness.” The act defined wilderness as an area “where the earth and its
community of life are untrammeled by man, where man himself is a visitor who does not
remain.” It directs that congressionally designated wilderness areas be protected and managed to
preserve their natural conditions, with the imprint of man’s work substantially unnoticeable.

Clean Air Act

The Clean Air Act (CAA), passed in 1970 and amended in 1977 and 1990, requires the
Environmental Protection Agency (EPA) to set standards for air pollutants to protect the public
health and welfare. The standards, known as National Ambient Air Quality Standards (NAAQS),
limit the concentrations of six common or “criteria” air pollutants that can be present in the
atmosphere: ozone (Og), particulate matter (PM), nitrogen dioxide (NO,), sulfur dioxide (SO,),
lead (Pb), and carbon monoxide (CO). There are standards for two categories of particulate
matter--one for suspended particles less than 10 micrometers in diameter (PM;g) and one for fine
particles less than 2.5 micrometers in diameter (PM, ). Primary standards are designed to protect
public health, while secondary standards are designed to protect public welfare, which includes
protection against decreased visibility and damage to animals, crops, vegetation, and buildings.
These standards are shown in Table 45, below. Units of measure for the standards are parts per
million (ppm) by volume, parts per billion (ppb) by volume, and micrograms per cubic meter of
air (ug/m®).

Table 45 National Ambient Air Quality Standards

Pollutant Primary/ Averaging Level Form

Secondary  |Time

. . 8-hour 9 ppm Not to be exceeded more than once per
Carbon Monoxide primary car
1-hour 35 ppm y
. Rolling 3 3
Lead Eer:gg(rj)grand month &15 Hg/m Not to be exceeded
y average
rimar 1-hour 100 ppb 98th percentile, averaged over 3 years

Nitrogen Dioxide P y PP P d y

primary and 15 oy 53ppb @ |Annual Mean

secondary
Ozone primary and 8-hour 0.075 ppm & Annual fogrth-hlghest daily maximum 8-hr

secondary concentration, averaged over 3 years

primary Annual 12 pg/m’ annual mean, averaged over 3 years
Particle Pollution PMzs  secondary Annual 15 pg/m’ annual mean, averaged over 3 years
Dec 14, 2012 primary and 4, 0 ¢ 35 pg/m® 98th percentile, averaged over 3 years

secondary

PMy primary and 2 4-hour 150 pg/m® Not to be exceeded more than once per
secondary year on average over 3 years
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http://www.epa.gov/airquality/carbonmonoxide/
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http://www.epa.gov/air/criteria.html#2
http://www.epa.gov/airquality/ozonepollution/
http://www.epa.gov/air/criteria.html#3
http://www.epa.gov/airquality/particlepollution/

q i @ 99th percentile of 1-hour daily maximum
Sulfur Dioxide © primary Lalel o e concentrations, averaged over 3 years
secondary 3-hour 0.5 ppm yec:rto be exceeded more than once per

(1) Final rule signed October 15, 2008. The 1978 lead standard (1.5 pug/m® as a quarterly average) remains in effect
until one year after an area is designated for the 2008 standard, except that in areas designated nonattainment for the
1978, the 1978 standard remains in effect until implementation plans to attain or maintain the 2008 standard are
approved.

(2) The official level of the annual NO, standard is 0.053 ppm, equal to 53 ppb, which is shown here for the purpose
of clearer comparison to the 1-hour standard.

(3) Final rule signed March 12, 2008. The 1997 ozone standard (0.08 ppm, annual fourth-highest daily maximum 8-
hour concentration, averaged over 3 years) and related implementation rules remain in place. In 1997, EPA revoked
the 1-hour ozone standard (0.12 ppm, not to be exceeded more than once per year) in all areas, although some areas
have continued obligations under that standard (“anti-backsliding”). The 1-hour ozone standard is attained when the
expected number of days per calendar year with maximum hourly average concentrations above 0.12 ppm is less
than or equal to 1.

(4) Final rule signed June 2, 2010. The 1971 annual and 24-hour SO, standards were revoked in that same
rulemaking. However, these standards remain in effect until one year after an area is designated for the 2010
standard, except in areas designated nonattainment for the 1971 standards, where the 1971 standards remain in effect
until implementation plans to attain or maintain the 2010 standard are approved.

(5) Colorado has adopted its own SO, secondary standard. The 3-hour average concentration cannot exceed 700
pg/m3 (or 0.267 ppm) more than once per year.

Prevention of Significant Deterioration

The Clean Air Act contains provisions for protection of air quality in areas that are meeting the
ambient air quality standards. This is known as the prevention of significant deterioration (PSD)
program. Under this program, areas of the country are designated as Class | or Class Il. Class |
areas are defined as areas of special national or regional natural, recreational, or historic value
and thus receive special protection under the CAA. Class | areas include wilderness areas over
5,000 acres in size and national parks over 6,000 acres in size that were in existence in 1977. All
other areas of the country have been designated as Class II.

An area’s class designation determines the maximum amount of additional air pollution, called
an increment, which can be added beyond a baseline value emitted from new or modified
“major” stationary sources of pollution. Increment consumption analysis falls under the PSD
major sources permitting program, which is administered in Colorado by the Colorado Air
Pollution Control Division (APCD). Only small amounts of pollution can be added in Class |
areas, while Class Il areas permit moderate amounts of pollution to be added. The Clean Air Act
also charges federal land managers, including the Forest Service, with an “affirmative
responsibility to protect the air quality related values (including visibility)” of Class I areas that
they manage. Air quality related values are resources, as identified by the federal land manager
for one or more Federal areas that may be adversely affected by a change in air quality. The
resources may include visibility or specific scenic, cultural, physical, biological, ecological, or
recreational resources identified by the FLM for a particular area.*®

Visibility

** Federal Land Managers’ Air Quality Related Values Work Group (FLAG), Phase | Report—Revised (2010)
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The CAA amendments of 1977 set a national goal of preventing future and remedying any
existing impairment to visibility in Class | areas that is caused by man-made pollution. The
Environmental Protection Agency (EPA) promulgated the Regional Haze Rule in order to meet
this goal. Visibility is a measure of not only how far one can see, but how well one can see
important characteristics of the landscape such as form, color, geologic features, and texture.
Visibility impairment is caused by the scattering of light by gases and particles in the
atmosphere. Man-made pollution results in the addition of very small particles to the atmosphere,
resulting in haze. A monitoring network was established by the Interagency Monitoring of
Protected Visual Environments (IMPROVE) program to measure atmospheric particulate
concentrations near Class | areas. The Regional Haze Rule requires states to develop air quality
protection plans to reduce the pollution that causes visibility impairment visibility in Class |
areas, with a goal of achieving “natural” visibility levels within a 60 year period. EPA has
provided guidance to help states estimate natural visibility for their Class | areas
(http://www.epa.gov/ttn/caaa/tl/memoranda/rh_envcurhr_gd.pdf).

Hazardous Air Pollutants

Air pollutants that may cause cancer or other harmful effects such as birth defects are classified
as hazardous air pollutants (HAPs). EPA is required to control emissions of 187 such hazardous
air pollutants. Examples of hazardous air pollutants include benzene, which is found in gasoline;
perchloroethylene, which is emitted from some dry cleaning facilities; and methylene chloride,
which is used as a solvent and paint stripper by a number of industries
(http://www.epa.gov/ttn/atw/allabout.html). The EPA has issued rules requiring that facilities
belonging to 96 different classes meet emissions standards for hazardous air pollutants in order
to reduce these emissions. Hazardous air pollution emissions standards can be found on the
EPA’s web site (http://www.epa.gov/ttn/atw/mactfnlalph.html) as well as information on
progress that has been made on reducing toxic emissions
(http://www.epa.gov/ttn/atw/allabout.html#progress).

Air Quality Regulation in Colorado

The EPA has delegated to the State of Colorado the authority to enforce NAAQS and PSD
increments, and to issue air quality permits. The CAA requires states to submit State
Implementation Plans (SIPs) to EPA which provide for the implementation, attainment,
maintenance and enforcement of the National Ambient Air Quality Standards. The Colorado
Department of Public Health and Environment’s (CDPHE) APCD administers Colorado’s air
quality control programs, and is responsible for enforcing the state’s air pollution laws.

The Colorado Air Pollution Control Commission oversees the development and adoption of the
state’s air quality regulation program. The commission can set its own ambient air quality
standards that are equally or more stringent than the Federal air quality standards. The state has
adopted one additional standard (for SO,) in addition to the federal standards; the state’s ambient
air quality regulations can be found at http://www.colorado.gov/cs/Satellite/ CDPHE-
Main/CBON/1251601911433. The APCD implements the air management programs adopted by
the commission and enforces compliance with the NAAQS and PSD increments.

In February 2014, the State of Colorado adopted new regulations that will affect emissions from
the oil and gas industry. These include Regulation 7, which contains extensive requirements to
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control emissions of ozone precursors and hydrocarbons from equipment associated with oil and
gas development and production.® In addition to extensive VOC reductions, the Regulation
Number 7 revisions also regulate methane emissions from the oil and gas industry.®” It also
adopted Regulation 6, which incorporates the federal Standards of Performance for Crude Qil
and Natural Gas Production, Transmission, and Distribution Standards contained in 40 CFR Part
60, Subpart 0000.*® These provisions should result in lower emissions of methane and other
hydrocarbons from oil and gas operations.

Federal Agency Compliance with Federal, State, Tribal, and Local Air Quality Standards and
Regulations

The APCD implements regulatory and planning programs based on federal and state regulations.
The CAA and the Federal Land Policy and Management Act of 1976 (FLPMA) require USFS
and other federal agencies to comply with federal, state, tribal, and local air quality standards and
regulations. FLPMA further directs the Secretary of the Interior to take any action necessary to
prevent unnecessary or undue degradation of the lands [Section 302 (b)], and to manage the
public lands “in a manner that will protect the quality of scientific, scenic, historical, ecological,
environmental, air and atmospheric, water resource, and archeological values” [Section 102

@(®)].

*® https://www.colorado.gov/pacific/sites/default/files/T1_AQCC_5-CCR-1001-9.pdf

*" http://www.colorado.gov/cs/Satellite ?blobcol=urldata&blobheadernamel=Content-
Disposition&blobheadername2=Content-
Type&blobheadervaluel=inline%3B+filename%3D%22Regulation+Numbers+3%2C+6+%26+7+-
+Fact+Sheet.pdf%22&blobheadervalue2=application%2Fpdf&blobkey=id&blobtable=MungoBlobs&blobwhere=12
51949265521&ssbinary=true

*® http://www.gpo.gov/fdsys/pkg/FR-2012-08-16/pdf/2012-16806.pdf

136


http://www.colorado.gov/cs/Satellite?blobcol=urldata&blobheadername1=Content-Disposition&blobheadername2=Content-Type&blobheadervalue1=inline%3B+filename%3D%22Regulation+Numbers+3%2C+6+%26+7+-+Fact+Sheet.pdf%22&blobheadervalue2=application%2Fpdf&blobkey=id&blobtable=MungoBlobs&blobwhere=1251949265521&ssbinary=true
http://www.colorado.gov/cs/Satellite?blobcol=urldata&blobheadername1=Content-Disposition&blobheadername2=Content-Type&blobheadervalue1=inline%3B+filename%3D%22Regulation+Numbers+3%2C+6+%26+7+-+Fact+Sheet.pdf%22&blobheadervalue2=application%2Fpdf&blobkey=id&blobtable=MungoBlobs&blobwhere=1251949265521&ssbinary=true
http://www.colorado.gov/cs/Satellite?blobcol=urldata&blobheadername1=Content-Disposition&blobheadername2=Content-Type&blobheadervalue1=inline%3B+filename%3D%22Regulation+Numbers+3%2C+6+%26+7+-+Fact+Sheet.pdf%22&blobheadervalue2=application%2Fpdf&blobkey=id&blobtable=MungoBlobs&blobwhere=1251949265521&ssbinary=true
http://www.colorado.gov/cs/Satellite?blobcol=urldata&blobheadername1=Content-Disposition&blobheadername2=Content-Type&blobheadervalue1=inline%3B+filename%3D%22Regulation+Numbers+3%2C+6+%26+7+-+Fact+Sheet.pdf%22&blobheadervalue2=application%2Fpdf&blobkey=id&blobtable=MungoBlobs&blobwhere=1251949265521&ssbinary=true
http://www.colorado.gov/cs/Satellite?blobcol=urldata&blobheadername1=Content-Disposition&blobheadername2=Content-Type&blobheadervalue1=inline%3B+filename%3D%22Regulation+Numbers+3%2C+6+%26+7+-+Fact+Sheet.pdf%22&blobheadervalue2=application%2Fpdf&blobkey=id&blobtable=MungoBlobs&blobwhere=1251949265521&ssbinary=true

3.10.1 Air Quality Affected Environment

The following map, Figure 28, shows locations of active oil and gas wells (as of Spring, 2013),
locations of oil and gas well completions for years 2008 through 2012, PNG land surface
available for oil and gas leasing for the Project (shaded dark green) and ozone 8-hour non-
attainment area (shaded yellow).

Figure 30 Project Area and Designated Air Boundary Intersections
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The potential oil and gas development is in the northern part of the Front Range of Colorado,
north of Denver and east of the Continental Divide. Elevations range from approximately 5,000
on the high plains to 14,000 feet at the highest peaks of the Continental Divide. Average annual
precipitation ranges from 12 to 25 inches on the Grassland to 16 to 40 inches or more at upper
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elevations in the mountains to the west. Most precipitation at the upper elevations falls in the
form of snow. On the grasslands, the prevailing winds are generally northwest to southeast or
southwest to northeast.

The grasslands are within 100 miles of several major metropolitan areas. This proximity
increases the potential for impacts from air pollution. Mobile and area sources from the Ft.
Collins, Denver and Colorado Springs areas produce pollutants that impact regional air quality.

The pollutants of concern include sulfur dioxide, oxides of nitrogen, particulates (PM1o, PM35)
and ozone. Although many of the documented impacts are associated with external sources
(those outside Forest/Grassland boundaries and jurisdiction), some activities that occur on the
national forest also have the potential to impact air quality. These include prescribed and
wildland fires, oil and gas development, grazing, mining, developed recreation and use of travel
ways.

Wilderness areas on the Arapaho and Roosevelt National Forests closest to the project area
include the Cache la Poudre, Rawah, Mt. Evans, the eastern half of the Indian Peaks and James
Peak Wilderness Areas. Rocky Mountain National Park is also relatively close to the project
area.

Existing Emissions from All Sources in Selected Northern Front Range Counties

The potential oil and gas development would occur in Weld County. Existing air quality
conditions are generally a function of emissions loading within any particular region. Table 46
shows estimated total emissions within Weld and nearby counties in northeastern Colorado for
2011.

Table 46 2011 Emissions by County (tons)

CO CO, N,O NH; NOx PMyo PM;s SO, VOC
Adams 72,900 | 2,669,518 | 94 1,346 24,330 | 14,055 | 4,346 8,033 21,395
Arapahoe 85,894 | 2,692,975 | 99 632 11,876 | 13,296 | 3,350 207 17,861
Boulder 52,779 | 1,448,510 | 52 631 9,293 5,478 2,161 1,126 20,898
Broomfield | 9,095 353,420 14 26 1,437 1,776 354 14 3,082
Denver 95,541 | 3,251,182 | 120 522 19,636 | 12,439 | 3,226 2,486 17,752
Douglas 51,763 | 1,835,874 | 65 468 8,508 4,983 1,457 93 18,675
Jefferson 89,211 | 2,941,300 | 109 531 13,656 | 6,839 2,773 2,653 27,943
Larimer 111,347 | 2,347,936 | 63 2,582 10,386 | 13,302 | 7,208 1,406 54,472
Logan 8,737 212,893 5 4,518 4,052 7,659 1,719 101 11,568
Morgan 11,648 | 274,751 8 5,410 7,650 6,564 1,622 13,082 | 10,861
Washington | 7,255 137,352 3 1,763 2,746 12,463 | 2,570 34 13,253
Weld 68,222 | 1,782,317 | 59 16,080 | 25,663 | 27,960 | 6,194 575 137,717

Source: National Emissions Inventory Data (2011)

NAAQS Exceedances and Nonattainment, State Implementation Plan and General Conformity
An exceedance occurs whenever an individual measurement is recorded at an applicable federal
reference method monitor that is above the level of the standard, but as the standards are
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generally defined as an average of several values, an individual exceedance does not necessarily
indicate a violation of an ambient air quality standard.

Areas where criteria pollutant concentrations, as determined by monitoring, exceed the NAAQS
are designated by EPA to be in nonattainment. The CAA establishes timetables for each region
to achieve attainment of the NAAQS, and for each area found to be in nonattainment, the state
has to prepare revisions to the SIP which document how the area will reach attainment by the
required date. A nonattainment plan includes inventories of emissions within the area and
establishes programs that are designed to bring the area into compliance with the NAAQS.

Section 176(c) of the CAA prohibits Federal entities from taking actions in nonattainment areas
that do not “conform” to the SIP. The purpose of this conformity requirement is to ensure that
Federal activities: (1) do not interfere with the emissions budgets in the SIP; (2) do not cause or
contribute to new violations of the NAAQS; and (3) do not impede the ability to attain or
maintain the NAAQS. To implement CAA Section 176(c), EPA issued the General Conformity
Rule (40 CFR Part 93, Subpart B), which applies to all Federal actions not funded under U.S.C.
Title 23 or the Federal Transit Act (USFS actions are not funded by U.S.C. Title 23 or the
Federal Transit Act). The General Conformity Rule established emissions thresholds (40 CFR
93.153), known as “de minimis” levels, for use in evaluating the conformity of a project. If the
net emissions increases due to the project are less than these thresholds, the project is presumed
to conform and no further conformity evaluation is required. If the emissions increases exceed
any of these thresholds, a formal conformity determination is required. The conformity
determination can include air quality modeling studies, consultation with EPA and state air
quality agencies, and commitments to revise the SIP or to implement measures to mitigate air
quality impacts. The federal entity with jurisdiction for the proposed action must demonstrate
that the proposed action meets the requirements of the General Conformity rule.

Existing Air Quality Conditions: NAAQS Compliance

Ambient air quality in the affected environment (i.e. compliance with the NAAQS) is
demonstrated by monitoring for ground level atmospheric air pollutant concentrations. Table 47,
below, presents the maximum measured concentrations for criteria pollutants within select
counties in northeastern Colorado near the project area for 2011-2013 (no data were available for
lead).Exceedances of the standard are highlighted in yellow. The data in the table excludes
exceptional events, which are defined as “unusual or naturally occurring events that can affect air
quality but are not reasonably controllable using techniques that tribal, state or local air agencies
may implement in order to attain and maintain the National Ambient Air Quality Standards”
(http://www.epa.gov/ttn/analysis/exevents.htm).
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Table 47 Maximum Measured Criteria Pollutant Concentrations for Select Counties in Northeastern Colorado: 2011 to 2013.

CcoO CcoO NO, Ozone | Ozone SO, PM,s PMyo
2nd 2nd 98th 2nd 4th SO, 99th | 2nd 98th PM; 5 2nd
Max | Max | percent | Max1l- | Max 8- | Percent | Max Percent | Weighted Max
1-hr | 8-hr | 1-hr hr hr 1-hr 24-hr | 24-hr Mean 24- | 24-hr
County | (ppm) | (ppm) | (ppb) | (ppm) [ (ppm) | (ppb) | (ppb) | (ng/m®) | hr (ug/m®) | (pg/m’)
2013
Adams 24 2.1 58 0.1 0.076 30 5 27 8.7 97
Boulder . . . 0.09 0.079 . . 23 7.1 51
Denver 5.7 2.5 68 0.09 0.071 38 11 29 8.8 76
Larimer 2.5 14 . 0.1 0.08 . . 18 6.8 55
Weld 3 1.7 . 0.09 0.072 . . 21 7.2 47
2012
Adams 2.2 1.3 64 0.09 0.072 28 5 26 8.6 91
Boulder . . . 0.09 0.074 . . 28 7.2 43
Denver 4 2 72 0.09 0.074 39 10 37 8.2 103
Larimer 2.5 1.7 . 0.1 0.079 . . 26 7.3 91
Weld 3.2 1.6 . 0.1 0.074 . . 32 7.9 91
2011
Adams 2.4 1.6 64 0.1 0.075 30 5 20 7.6 65
Boulder 4.3 2.1 . 0.1 0.076 . . 19 6.4 33
Denver 3.1 1.8 72 0.09 0.074 34 7 20 7.5 92
Larimer 2.5 1.3 . 0.1 0.08 . . 15 5.7 40
Weld 2.5 15 . 0.09 0.077 . . 23 7.4 46
NAAQS 35 9 100 0.075 75 500 35 12 150

Source: http://www.epa.gov/airdata/ad_rep_con.html

As shown in Table 47, ozone exceedances occurred in Adams, Boulder, Larimer and Weld
Counties between 2011 and 2013. Areas that meet federal ambient air quality standards are
classified as being in attainment, while areas not meeting standards are classified as being in
nonattainment. On April 30, 2012, the EPA finalized its ozone nonattainment designations with
respect to the 2008 ozone standard
(http://www.epa.gov/airquality/ozonepollution/designations/2008standards/final/region8f.htm ).
EPA identified only one nonattainment area in Colorado for ozone that includes part or all of
Denver, Adams, Arapahoe, Boulder, Broomfield, Douglas, Jefferson, Larimer, and Weld
counties (roughly the Denver-Boulder-Greeley-Fort Collins metropolitan areas). EPA has not
identified any current nonattainment areas in Colorado for any of the other criteria pollutants.
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Five exceedances of the 8 hour ozone standard occurred in Weld County in 2011and three in
2012. These exceedances were recorded by the Greeley monitor. No exceedances were recorded
in 2013.

The NAAQS include standards for particulate matter in two size ranges: all particulate matter
less than 10 microns in size (PMyo); and particulate matter less than 2.5 microns in size (referred
to as fine particulate or PM; ). PM, 5 is the major cause of reduced visibility (haze). Fine
particulate matter (PM2.5) is chiefly comprised of five mass types: organic mass, elemental
carbon (also known as soot or black carbon), ammonium sulfates, ammonium nitrates, and
crustal materials (i.e., soil). Primary, fine particulate emissions result from combustion processes
(including fossil fuel combustion and biomass combustion that occurs in wildfires) and include
black carbon. In general, however, black carbon and crustal materials comprise a relatively
small proportion of the fine particulate mass suspended in the atmosphere. Some fine
particulates (PM.s), principally ammonium sulfate and ammonium nitrate particles, can also be
formed in the atmosphere from the interaction of SO, or nitrogen oxides and ammonium. These
types of PM, s particles are referred to as secondary particulates, while particles emitted directly
from a source are referred to as primary particulates. The largest constituents of fine particulate
are usually organic mass, ammonium nitrates, and ammonium sulfates.

Particulate matter, specifically PM, s, poses a health hazard to humans because it can be inhaled
and reach deep into the lungs. Health impacts from PM, s include respiratory problems,
aggravated asthma, and bronchitis. High particulate levels are associated with increased hospital
and emergency room visits. Table 47 shows just one exceedance of the PM,5s NAAQS within the
listed counties, in Denver County in 2012. There are no nonattainment areas associated with
particulate matter within Colorado.

Existing Conditions: Ozone

Ozone (O3) is a gas that occurs both within the Earth’s upper atmosphere (stratosphere) and at
ground level (troposphere). Stratospheric ozone extends about 6 to 30 miles above the Earth’s
surface and serves to protect life on Earth from the sun’s harmful ultraviolet rays. Occasionally
small amounts of stratospheric ozone will briefly migrate downwards and add to ozone
concentrations at the earth’s surface. Typically these instances are associated with the passage of
an upper level low pressure trough (Musselman et.al. 1998).

Unlike most other criteria pollutants, ozone is not emitted to the atmosphere directly; it is formed
when nitrogen oxides and volatile organic compounds react in the presence of sunlight. Ozone
formation is highly dependent on meteorological conditions, including temperature, wind speed,
and solar radiation. Ozone in the lower atmosphere is harmful to human health and vegetation. In
general, ozone concentrations in the lower atmosphere are highest during warmer months and
lower in the cooler months. In some parts of the western U.S., high wintertime ozone
concentrations have been monitored. The project area is not in an area with monitored high
winter ozone concentrations. The chemical reactions that form ozone are complicated and
nonlinear, making it difficult to predict ozone concentrations that will result from increasing the
amount of the ozone precursors (i.e., nitrogen oxides and volatile organic compounds) in the
atmosphere. The effect of adding nitrogen oxides or volatile organic compounds to the
atmosphere on the concentration of ozone depends upon the ratio of the two precursors already
present. Ozone formation is also highly dependent on meteorological conditions, including
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temperature, wind speed, and solar radiation. Ozone in the lower atmosphere is harmful to
human health and vegetation.

Natural sources of ozone precursors include trees, soil, forest fires, and lightning. Naturally
occurring ozone is at low concentrations that are not considered a threat to human health or the
environment.

Anthropogenic sources of ozone precursors present in Colorado include local, regional, national
and global sources of NO, and VOCs. A 2004 report prepared for the Denver Early Action
Compact indicated that transported ozone “‘significantly” impacted the final ozone concentration
recorded in the Denver region (Parsons and Arnold 2004). Correlation between ozone reductions
or increases and sources (local vs transported) is difficult although the CDPHE did find a
correlation between reduced power plant emissions in northeast Colorado and ozone along the
Front Range (Reddy 2010).

Elevated levels of ozone can adversely impact human respiratory health and impede plant
growth. Major sources of VOCs and NOy include industrial facilities, electric utilities, motor
vehicle exhaust, gasoline vapors, and chemical solvents. Sunlight and warm weather accelerate
the reaction, which is why high ozone levels are typically seen in the summer.

A portion of the Pawnee National Grasslands (along the southern boundary) is located within the
Denver Metro-North Front Range 8-hour Ozone Nonattainment Area, and any potential
development within the nonattainment area will be required to comply with the General
Conformity rule. The following map (Figure 29) shows the full extent of the Denver-Boulder-
Greeley-Fort Collins-Loveland Ozone Nonattainment Area. Figure 30 shows the portion of the
Pawnee NG that is included in the nonattainment area.
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Figure 31 Ozone Nonattainment Area
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Figure 32 Land Ownership and the Ozone Nonattainment Area on the Pawnee National Grassland
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Ozone Design Value

A design value is a statistic that describes the air quality status of a given location relative to the
level of the National Ambient Air Quality Standards (NAAQS). The design value at a
monitoring site is the statistic used to compare to the standard. For ozone, this is the three year
average of the annual 4™-highest 8-hour ozone concentration. EPA uses the highest value of the
statistic observed at any monitor within a nonattainment area as the design value for that area.
These values are published on an annual basis. The current design value for the Denver
metropolitan nonattainment area is shown below in Figure 31.

Figure 33 Design Values in Areas Previously Designated Nonattainment for the 8-Hour Ozone NAAQS

Designation 2010-2012 Design Meets
Designated Area Status' Classification® | Value (ppm)*® NAAQS?
Denver-Boulder-Greeley-Ft
Collins-Loveland, CO Nonattainment Marginal 0.082 No
Source: http://www.epa.gov/airtrends/values.html
Notes:

1. Area classification and designation status as of July 23, 2013.
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2. The level of the 2008 8-hour 0zone NAAQS is 0.075 parts per million (ppm). The design value is the 3-year
average of the annual 4th highest daily maximum 8-hour 0zone concentration.

3. The design values shown here are computed using Federal Reference Method or equivalent data reported by State,
Tribal, and Local monitoring agencies to EPA's Air Quality System (AQS) as of June 28, 2013. Concentrations
flagged by State, Tribal, or Local monitoring agencies as having been affected by an exceptional event (e.g.,
wildfire, volcanic eruption) and concurred by the associated EPA Regional Office are not included in these
calculations.

Additional Ozone Monitoring Data

The US Forest Service has recently established two o0zone monitors on the Pawnee NG. These
monitors are located at Briggsdale and Dave’s Draw, which is near the Pawnee Buttes. The
monitors are operated by the USFS Rocky Mountain Research Station in Fort Collins, Colorado.
Because these monitors are not operated as regulatory monitors, the data from them cannot be
used to officially determine compliance with the NAAQS. Most state regulatory monitors are
located near urban areas, and none are located within the borders of the Pawnee NG. The FS
therefore installed monitors to provide additional local information on 0zone concentrations
within this area. The USFS is committed to continuing ozone data collection at Briggsdale and
Dave’s Draw for as long as adequate funding and personnel are available. Data from these
monitors are shown in the plots below (Figure 32). These monitors do not operate all year. The
plots show all available daily maximum 8-hour average ozone concentrations. The red line on
each plot indicates the ozone standard (75 ppb). The lowest 8-hour concentration exceeding the
standard is 76 ppb. As indicated by the plots, only one value that exceeded the standard was
observed, at Briggsdale in 2012.

Figure 34 Daily Maximum 8-hour Ozone Concentrations at Pawnee NG Monitors
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AQRV: Visibility

Visibility impairment is caused by the scattering of light by gases and particles in the
atmosphere. Manmade emissions of air pollutants contribute to the loading of particulates in the
atmosphere that cause haze. Fine particulates (PM,5) have the largest contribution to haze.
Visual range, i.e., the greatest distance at which an observer can distinguish an object from the
background, is an easily understood way to describe visibility. Visual range, however, is not
linear with perceived changes in visibility. For instance, a 5 kilometer change in visual range is
more easily seen where the air is quite clear than when it is hazy. For this reason, visibility is
usually described in terms of an index called the deciview that is linear with perceived changes
in visibility. A change of 1.0 deciview is equivalent to a ten percent change in light extinction
and represents a just noticeable change in visibility. The higher the deciview, the less a person
can see into the distance.

Visibility at Class | areas is monitored through the Interagency Monitoring of Protected Visual
Environments (IMPROVE) program, which maintains a network of particulate monitors.
Visibility on the 20% clearest and haziest days is tracked to measure progress toward the
national visibility goal as required by the Regional Haze Rule. The closest IMPROVE monitor
to the project area is located at Rocky Mountain National Park, approximately 75 kilometers to
the west. Figure 33 shows trends in annual mean visibility on the clearest and haziest days at
Rocky Mountain National Park. The plots show the data overlaid with the trend in time. The
data indicate a statistically significant downward (improving) trend on the clearest days. No
significant trend is noted on the haziest days.
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Figure 35 Trend in haze index (deciview) on the 20% clearest and haziest days at Rocky Mountain National Park.

Visibility on Clearest Days

Rocky Mountain MP

52

- @~ Clearest Days
%
@
o
-
E — Theil trend line
pa ! slope=-0.08 dviyr
] significant trend
T

0

$§ & £ 5 £ & 0§ 5§08

oy Oy Oy Oy oy Oy Oy oy

*Haze Index is expressed in deciviews (dv). The deciview scaleis nearzero fora
pristine clean atmosphere and increases as visibility degrades. Significant trends
are defined as those having at leasta 95% probability of being correct(i.e. those
with p-values = 0.05).

Monitor 1D: ROMO1, CO

Visibility on Haziest Days

Rocky Mountain MP

-8~ Haziest Days

B — Theiltrend line
s5lope=-0.21 dviyr
notasignificanttrend

Haze Index* dv

§ & & § & & & § &4

*Haze Index is expressed in deciviews (dv). The deciview scaleis nearzero fora
pristineclean atmosphere and increases as visibility degrades. Significant trends
are defined as those having at least a 95% probability of being correct(i.e. those
with p-values < 0.05).

Monitor ID: ROMO1, CO

AQRV: Atmospheric Deposition

Air pollutants can be deposited through precipitation (such as rain or snow) or by dry settling
processes to surfaces on the ground such as soils and water bodies. Deposition of some types of
pollutants, particularly nitrogen and sulfur compounds (e.g., nitrate and sulfate), can lead to
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acidification of lakes and streams. Acidification of surface waters can negatively affect aquatic
organisms such as zooplankton, algae, diatoms, invertebrates, amphibians, and fish. Nitrogen can
cause other ecosystem impacts by fertilizing both soils and water. These excess inputs of
nitrogen can disrupt the natural flora and fauna by allowing certain species that would not
naturally occur in abundance to out-compete those that thrive in pristine nitrogen-limited
systems. The end result is an unnatural shift in species composition for sensitive species, which
may have a subsequent impact on other components of the ecosystem.

The chemistry of wet precipitation (rain and snow) is monitored by the National Atmospheric
Deposition Program (NADP), an interagency organization that maintains a network of samplers
located across the country. The closest NADP monitor to the project area (CO22) is located at
the State Agricultural Experiment Station on the west side of the Pawnee National Grassland.
Data from this monitor are shown in Figures 34, 35, and 36. Figures 34 and 35 show the
concentrations of nitrate and sulfate in wet precipitation in microequivalents per liter (ueg/l).
Figure 36 shows the total annual wet deposition of nitrogen. The NADP has established
completeness criteria for deposition data. The colors of the symbols on the three plots indicate
when the completeness criteria were not met, as shown in the plot legends.

Figure 36 Annual trends in nitrate (NO3) concentrations in wet deposition collected by the Pawnee (CO 22) National
Atmospheric Deposition Program monitor.
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Figure 37 Annual trends in sulfate (SO4) concentrations in wet deposition collected by the Pawnee (CO 22) National
Atmospheric Deposition Program monitor.
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Figure 38 Annual trends in wet nitrogen deposition collected by the Pawnee (CO 22) National Atmospheric Deposition
Program monitor.
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Plot notes (applicable to Figures 22-24):
The annual weighted mean concentrations and depositions are characterized as meeting or not meeting the NADP's data
completeness criteria for the 1-year period.

1.Valid samples for 75% of the time period
2.Valid samples for 90% of the precipitation amount
3. Precipitation amounts for 75 % of the time period

Trend line

The trend line is a smoothed 3-year moving average with a one-year time step. The line is only displayed where the minimum data
completeness criteria is met for the 3-year period.

Source: http://nadp.sws.uiuc.edu/sites/siteinfo.asp?net=NTN&id=C022
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The closest NADP monitors located at a Class | area are at Rocky Mountain National Park. The
park operates two NADP monitors, one at a lower elevation at Beaver Meadows (monitor CO19)
and two monitors at a higher elevation site at Loch Vale (monitors CO89 and C098). Data from
those monitors indicate that nitrogen deposition in precipitation at the park varies from around
1.5 to 3.5 kilograms per hectare per year. The National Park Service has set a critical load for
nitrogen deposition in precipitation at the park of 1.5 kilograms per hectare per year
(http://www.nature.nps.gov/air/Studies/criticalloads/critical LoadExplain.cfm ). A critical load is
a level of deposition below which significant harmful ecosystem effects are not known to occur.
The park has recently partnered with a number of organizations to look at ways to reduce
nitrogen deposition levels in the park. Participants in this effort, referred to as the Rocky
Mountain National Park Initiative, include the Colorado Department of Public Health and
Environment Air Pollution Control Division, U.S. Environmental Protection Agency (EPA)
Region 8 Air Program, the Air Resources Division of the National Park Service and the U.S.
Forest Service (http://www.colorado.gov/cs/Satellite/ CDPHE-AP/CBON/1251594862555).

Greenhouse Gases and Climate Change

There is broad scientific consensus that humans are changing the chemical composition of
earth’s atmosphere. Activities such as fossil fuel combustion, deforestation, and other changes in
land use are resulting in the accumulation of trace greenhouse gases (GHGSs) such as carbon
dioxide (CO,), methane (CH,), nitrous oxide (N,0), and several industrial gases in the Earth’s
atmosphere. An increase in GHG emissions is said to result in an increase in the earth’s average
surface temperature, primarily by trapping and thus decreasing the amount of heat energy
radiated by the earth back into space. The phenomenon is commonly referred to as global
warming. Global warming is expected in turn, to affect weather patterns, average sea level,
ocean acidification, chemical reaction rates, and precipitation rates, which is collectively referred
to as climate change.

The Intergovernmental Panel on Climate Change (IPCC) has predicted that the average global
temperature rise between 1990 and 2100 could be as great as 5.8°C (10.4°F), which could have
massive deleterious impacts on the natural and human environments. Although GHG levels have
varied for millennia (along with corresponding variations in climatic conditions),
industrialization and the burning of fossil carbon fuel sources have caused GHG concentrations
to increase measurably, from approximately 280 ppm in 1750 to 400 ppm in 2014 (as of April).
The rate of change has also been increasing as more industrialization and population growth is
occurring around the globe. This fact is demonstrated by data from the Mauna Loa CO, monitor
in Hawaii that documents atmospheric concentrations of CO, going back to 1960, at which point
the average annual CO, concentration was recorded at approximately 317 ppm. The record
shows that approximately 70% of the increases in atmospheric CO, concentrations since pre-
industrial times occurred within the last 54 years.

Three of the most important greenhouse gases (GHG) resulting from human activity are carbon
dioxide (CO;), methane (CH,) and nitrous oxide (N,O). They are produced by both natural
processes and human activity. While they make up less than one percent of the Earth’s
atmosphere, they exert a powerful influence over global temperatures.
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Greenhouse gases play a role in the natural environment by absorbing the sun’s heat. As the suns
energy radiates back from the Earth’s surface toward space, these gases trap the heat in the
atmosphere keeping the planet’s surface warmer than it would otherwise be. Increases of
atmospheric greenhouse gases result in additional warming of the Earth’s atmosphere. Carbon
dioxide equivalents (CO2e) is a metric used to compare the emissions from various greenhouse
gases based upon their global warming potential (GWP). For instance, over a 100 year period the
GWP of methane (CHy,) is estimated to be about 21 times greater than carbon dioxide (CO,), so
its carbon dioxide equivalent (CO.e) is 21*°. The carbon dioxide equivalent (CO-€) of nitrous
oxide (N20) is 310 (EPA 2005).

Globally the average annual temperature has risen since 1900 by about 1.5°F and is expected to
rise another 2 to 10°F by 2100. The average annual temperature in the United States has risen by
a comparable amount over the same time period but is expected to rise more than the global
average over this century (Karl et al. 2009).

In 2005 Colorado’s greenhouse emissions were 35 percent higher than they were in 1990. They
are projected to grow 81 percent above the 1990 levels by 2020 (CDPHE 2010). Climate change
related impacts observed in Colorado in recent decades include shorter and warmer winters with
reduced snowpack and earlier spring runoff, more precipitation falling as rain rather than snow,
and longer periods of drought (CDPHE 2010).

GHG Emissions from Qil and Gas Development and Operations

Energy-related activities in the United States account for three-quarters of human-generated
GHG emissions. These activities account for 97 percent of carbon dioxide (CO2), 37 percent of
methane (CH4) and 13 percent of nitrous oxide (N,O) emissions in the country (EPA 2010a).
Stationary sources such as power plants make up more than half of the energy-related emissions.
Transportation’s contribution is one third of these emissions (CDPHE 2010).

Natural gas is one of the top three major fuel sources that contribute to the United States’ energy-
related emissions of carbon dioxide (CO,). Petroleum contributes about 42 percent of the total
emissions, coal comes in second with approximately 37 percent, and natural gas contributes 21
percent (DOE 2009).

Aside from GHG emissions from fossil fuel consumption in the United States, the production,
transmission, storage, and distribution of natural gas contributes to less than one percent of
carbon dioxide (CO,) emissions and about 17 percent of methane (CH,4) emissions. The source
of most of these emissions is leakage from wells, pipelines, well-site treatment facilities,
pneumatic devices, compressors, storage facilities, and other related systems. Carbon monoxide
(CO), volatile organic compounds (VOCs), and nitrogen oxides (NOXx) are also emitted but in
much smaller quantities (EPA 2010a).

 EPA lists the GWP of methane as 21 on its website
(http://epa.gov/climatechange/ghgemissions/gases/ch4.html). In its 2013 rulemaking, however, EPA lists the value
for the 100-year GWP of methane as 25. See Federal Register, Vol. 78, No. 230, p. 71909, available at
http://www.gpo.gov/fdsys/pkg/FR-2013-11-29/pdf/2013-27996.pdf
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The EPA has recognized the significance of equipment leaks and vented GHG emissions from
both the natural gas and petroleum industries. A recent ruling by the EPA requires mandatory
reporting of GHG from facilities that annually emit 25,000 metric tons or more of carbon dioxide
(COy) equivalent (EPA 2010b).

3.10.2Environmental Impacts to Air Quality from Potential PNG Oil and
Gas Development

No alternatives specifically propose the exploration or development of oil and gas resources. For
this reason, the leasing analysis relies on the RFD which projects future potential surface
disturbing activities to provide a development scenario for the proposed available lands.
However, this scenario is not entirely foreseeable and is dependent on future industry interest,
access, market values and many other factors.

Project Area and Alternatives

As described earlier in, the Pawnee National Grassland (PNG) contains a mixture of federal and
private mineral estate. A portion of the federal mineral estate has been leased, while the
remainder is unleased. Chapter 2 describes the three alternatives being considered for this leasing
analysis. These are: (1) no leasing; (2) no action; and (3) leasing under no surface occupancy
(NSO). Under Alternatives 2 and 3, the unleased portion of the federal mineral estate would be
available for leasing and the reasonably foreseeable development (RFD) would be the same. For
these alternatives, the reasonably foreseeable development projects that up to 265 new and
exploratory wells could be drilled, and up to 234 producing wells would remain in the long term.
Under Alternative 1, no leasing would occur and thus no oil and gas development would be
allowed. However, as explained in Chapter 2, it is likely that additional private development
would occur that would result in a somewhat larger number of wells being drilled due to the need
to avoid federal surface and mineral estate. This could result in up to 292 new and exploratory
wells being drilled, of which 257 producing wells would remain in the long term. Therefore, for
the air quality analysis, all three alternatives would result in approximately the same level of
emissions and thus the same impacts to air quality.

Analysis Area

Because the PNG exists in an area of mixed federal and non-federal surface ownership, the
analysis area for air quality effects for this analysis includes all potential wells from the RFD that
would access Federal minerals within the boundary of the PNG. This is the area within the black
borders in Figure 37. Within this area, up to 354 wells accessing Federal minerals are projected.
The map in Figure 37 also shows the areas of Pawnee NG surface within the potential
development area (designated with black hash marks) and areas of Federal minerals (colored in
blue, pink or light green). Under Alternatives 2 and 3, up to 265 wells could be drilled. These
include the wells that would intersect the Federal minerals underneath the Pawnee potential
development areas shown in the map. The remaining wells (89) would intersect Federal minerals
but not under the PNG potential development areas (e.qg., these could include wells drilled into
Federal minerals under private surface). For air quality, the potential effects of all wells that
would access Federal minerals and associated development within the PNG boundary were
considered. Under Alternative 1, no lands would be leased but it is anticipated that additional
private development would occur in the absence of leasing, as discussed earlier, resulting in the
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same impacts to air quality. Therefore, the potential impacts of up to 354 wells and associated

development were analyzed for all three alternatives.
Figure 39 Air Quality Analysis Area
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Effects of Making Lands Available for Oil and Gas Leasing

This analysis does not disclose direct impacts because this decision addresses making lands
available for oil and gas leasing and under certain conditions (lease stipulations). As a result of
making lands available for oil and gas leasing, any subsequent development would be considered
an indirect effect of this decision. Leasing is a commitment of the resource for potential future
exploration and development activities, but it does not compel or authorize any ground
disturbing actions in support of the exploration or development of a lease. As a result of leasing,
future exploration and development proposals could be brought forward that would be subject to
additional site specific environmental study and permitting requirements.

Environmental Impacts

The analysis presented here provides sufficient information for this level of decision, where the
decision under consideration is whether or not to make lands available for leasing. As there is no
way at this time to accurately project the exact location, nature, and extent of oil and gas
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development that might occur as a result of this decision, the air quality analysis considered a
conservative but reasonable scenario based upon the RFD that included all wells within the
boundary of the Pawnee NG. The number of wells analyzed was somewhat higher than the
number of wells projected under any of the alternatives, and should therefore provide an upper
bound to potential air quality impacts.

Any future exploration or development of oil and gas resources, if and when it does occur, would
result in direct, indirect and cumulative impacts. Those future impacts, specific to a proposed
project, will be disclosed through additional environmental study and the federal leasing and
development process.

Potential future impacts to air resources could result if reasonably foreseeable future actions
were to occur. Thus, potential future oil and gas development was disclosed through the RFD
scenarios. Associated emissions were calculated and are disclosed in the emissions inventory.
Potential future impacts from these emissions are described below.

Effects of Future Development

The decision to offer the identified lands for lease would not result in any direct emissions of air
pollutants. However, future development of these leases will result in emissions of criteria
pollutants, including carbon monoxide, nitrogen oxides, sulfur dioxide, particulate matter, and
volatile organic compounds. It will also result in emissions of hazardous air pollutants and
greenhouse gases. Emissions of nitrogen oxides and volatile organic compounds will contribute
to ozone formation. Impacts resulting from development of oil and gas leases will be addressed
in a subsequent analysis when lessees file an APD. The analysis conducted at that time will
determine if any contemporaneous incremental increases from project emissions cause
significant impacts at the local and regional scales. All proposed activities including, but not
limited to, exploratory drilling activities would be subject to applicable local, state, and Federal
air quality laws and regulations.

Any subsequent activity authorized after APD approval could include soil disturbances resulting
from the construction of well pads, access roads, pipelines, power lines, and drilling. Any
disturbance is expected to cause increases in fugitive dust and potentially inhalable particulate
matter (specifically PM3, and PM; ;) in the project area and immediate vicinity. Particulate
matter, mainly dust, may become airborne when drill rigs and other vehicles travel on dirt roads
to drilling locations. Air quality may also be affected by exhaust emissions from engines used for
drilling, transportation, gas processing, compression for transport in pipelines, and other uses.

Potential Near field Impacts

Potential near-field impacts for areas close to potential development sites were not evaluated for
this analysis. Near-field effects are strongly dependent upon the characteristics of individual
development sites such as the number of wells per pad, the types of equipment in use,
topography, and other factors that cannot be determined (or reasonably estimated) at this time.
This type of analysis can only be meaningfully completed once a project is proposed and more
detailed information is available so that useful results can be obtained. Under Alternatives 2 and
3, any future drilling of Federal minerals within the Pawnee NG boundary will require approval
from the BLM and further NEPA analysis, including the drilling of federal minerals from private
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surface. The near-field analysis will include estimates of nearby impacts to the following
standards:

1-hour and annual NO,,

PM_2 5 24-hour and annual,

PM1o 24-hour, and

hazardous air pollutants, to include benzene, toluene, ethyl benzene, xylene, and
formaldehyde.
Impacts to 1-hour and 3-hour SO,, as well as 1-hour and 8-hour CO, may be included if needed;
this will be determined on a case-by-case basis, depending on the amount of emissions and
potential for impacts. Impacts to lead will not be assessed as oil and gas projects are typically not
meaningful sources of lead emissions, and ozone cannot be assessed in the near-field. This
analysis is typically performed by the BLM when approving an APD. If necessary, mitigation
will be applied at that time as a condition of approval in order to ensure that federal and state air
quality standards are not exceeded and that AQRYV impacts are acceptable. Under Alternative 1,
no additional leasing of federal minerals would occur and therefore there would be no additional
NEPA analysis associated with unleased portions of the Pawnee NG, although additional
development is likely to occur on private surface and private minerals surrounding the federal
lands (see description of Alternative 1).

Potential Far Field Impacts

Far-field impacts that could result under these alternatives were assessed using a quantitative air
quality model. An air quality model consists of a series of computer programs, and it is used to
mathematically simulate atmospheric conditions and behavior. Using inputs such as meteorology
and source emissions, an air quality model can calculate estimated pollutant concentrations in the
air or the amount of pollution deposited (deposition) on the ground from the air.

The air quality modeling results disclosed here came from a larger study conducted by the BLM
that includes emissions from the entire continental US, but focuses on new oil and gas
development and air quality impacts in Colorado, called the Colorado Air Resource Management
Modeling Study (CARMMS). This study is examining the potential air quality impacts from
future oil and gas development that might occur through the year 2021. CARMMS is an on-
going effort being conducted by the Colorado BLM for use in land management planning and
project-specific analyses that is examining impacts to air quality from a number of different
source groups related to oil and gas development. It is using a photochemical air quality model
called the Comprehensive Air Quality Model with Extensions (CAMXx) to quantitatively estimate
potential impacts to air quality and related values such as visibility, deposition, and lake
chemistry in the surrounding area and at nearby Class | and sensitive Class Il wilderness areas.
Additional details on how the study is being conducted can be found in the CARMMS modeling
protocol (Colorado Air Resource Management Modeling Study (CARMMS), Detailed
Descriptions of Background, Emissions Inventories and Air Quality Modeling Methodologies for
the Study, Draft August, 2014).

Emissions inventories were developed for a 2008 base case as well as a 2021 future projection
year. CARMMS was run using a conservative estimate of potential development (i.e., the
projected level of development is on the high end of what is expected). This is referred to in this
discussion as the “2021 high scenario”. The 2021 emissions were derived from the 2020
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emissions estimates developed under a different but complementary interagency study known as
the Three-State Air Quality Study covering Colorado, Utah, and Wyoming. Those emissions
estimates were updated with improved oil and gas and mining emissions estimates for use in the
CARMNMS analysis®. As discussed earlier, this scenario projected a potential for 354 wells to be
developed within the larger area bounded by the extent of the PNG. The results from this
analysis are disclosed in the Summary of CARMMS - Pawnee Grassland Modeling Results
Report (Project File) and summarized here. These results are documented in a draft report dated
May 2014 that was provided by BLM on June 3, 2014.

The emissions inventory included all oil and gas sources within the domain, as well as on-road
and off-road mobile sources, stationary sources, windblown dust, fires and biogenic emissions,
agricultural emissions such as ammonia, and other miscellaneous sources. Estimates of future
emissions from potential oil and gas development included emissions from well pad construction
and development, production operations and central gas compression and processing. The
CARMMS modeling factored in emissions mitigation from federal and state air pollution control
regulations that are currently effective or expected to be phased in through 2020.

An emissions inventory was created for the Pawnee NG potential development and analyzed
separately as a source group in the CARMMS modeling study. The projected development
scenario was based on the RFD developed by oil and gas resource specialists with input from
with industry representatives and assumed a constant oil and gas development rate through the
year 2021. This emissions scenario considered on-the-books requirements for emissions controls.
Current EPA and Colorado emissions controls as of 2013 included New Source Performance
Standards contained in 40 CFR Part 60 Subpart OO0O, and the analysis assumed Tier 2**
drilling and completion engines for oil and gas well development. The estimated inventory for
2021 for PNG area oil and gas development that was used in the CARMMS analysis is shown in
Table 48 below.

Table 48 Estimated Emissions from Additional Oil and Gas Development under the 2021 Development Scenario.

Additional Oil and Gas Emissions Under Maximum Development Scenario
. for Alternatives 1, 2 and 3 (tons/year)
Potential
Additional
Area Wells NO, VOC PMyq PM, 5 SO, CO
Pawnee National
Grasslands--Federal 354 927 1,838 686 89 3 823

** For more information on how the 2021 oil and gas emissions estimates were developed, see the CARMMS
protocol, Colorado Air Resource Management Modeling Study (CARMMS), Detailed Descriptions of Background,
Emissions Inventories and Air Quality Modeling Methodologies for the Study, Draft August, 2014, page 3 and pp.
30-36.

* Emissions standards for nonroad diesel engines have been phased in through a tiered approach to reduce
emissions from these engines. Higher tier numbers indicate engines meeting stricter emissions standards. For
more information, see http://www.epa.gov/otag/nonroad-diesel.htm.
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The CARMMS analysis estimated impacts to air quality and related values from the various
source groups examined, as well as cumulative impacts from emissions from all sources within
the area considered by the model (referred to as the “modeling domain”). The model was run
using a set of nested domains with progressively smaller grid cell sizes**. Emissions from all
sources were included for all three domains. These included a 36 km domain covering the
continental US, a 12 km domain covering the entire Rocky Mountain region, and a 4 km domain
included the entire state of Colorado, as well as portions of eastern Utah, northeastern Arizona,
northern New Mexico, and small portions of Wyoming, Nebraska, Kansas, Oklahoma, and
Texas. The following map, Figure 38, shows the CARMMS 4 km air quality modeling domain;
this is the area within which effects from oil and gas development were analyzed. Class | areas

within the modeling domain for which impacts were assessed are shown in green on the map.
Figure 40 CARMMS Modeling Domain
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* The grid cell size of the model determines its resolution. Reducing the grid size improves the model's ability to
reproduce differences in concentrations of atmospheric pollutants between adjacent areas.
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Air Quality Modeling Results—Impacts from PNG Area Development

The future year modeling (2021) was run for an entire year of 2008 weather research and
forecasting meteorological data. Maximum impacts from PNG sources reported by the model
could occur at any time during the year. Impacts to NO, concentrations due to PNG oil and gas
emissions sources (as well as other source groups) were determined using the particulate matter
source apportionment tool. This tool treats all reactive gas nitrogen species, including NO, NO,,
NO;3 radical, HONO, and N,Os, as a group, so NO, impacts resulting from specific source groups
(such as the Pawnee NG) cannot be separately identified using the tool. In the FEIS, all reported
impacts from Pawnee NG sources to annual NO, concentrations included all reactive gas
nitrogen compounds and therefore overestimated impacts to NO, concentrations.

Since the FEIS was written, additional post-processing of the CARMMS results was completed
in order to provide a better estimate of Pawnee NG contributions to NO, concentrations. This
was done by determining the ratio of NO; to reactive gas nitrogen (RGN) concentrations for all
cumulative source emissions and applying that NO, / RGN ratio to the RGN concentrations for
each source group / apportionment area to obtain an estimate of NO, in each cell for the separate
source apportionment areas (i.e. Pawnee NG). This should provide a reasonable estimate of the
NO; contributions of Pawnee oil and gas sources in areas near the grasslands as these sources
will be the largest contributors to NO, concentrations near the Pawnee. In areas further away
from the Pawnee NG, where Pawnee oil and gas sources (or other similar oil and gas sources)
would have a smaller influence on the overall RGN profile (such as the Denver metropolitan area
where there is a substantial contribution from mobile sources), this technique could
underestimate the NO, fraction of total RGN for the Pawnee sources. The contributions of the
Pawnee to the daily maximum 1-hour and annual average NO, concentrations presented in this
document were estimated using this technique. However, the contributions of the Pawnee to NO,
PSD increments originally presented in the FEIS were retained here. These values represent total
reactive gas nitrogen, and are thus a conservative estimate of contributions to the NO,
increments.

Impacts of Alternatives 2 and 3 on Criteria Pollutant Concentrations and PSD Increments
Impacts to PSD increments that would result from potential PNG area oil and gas development
were estimated as part of the CARMMS analysis. These estimates are shown in Table 49 below.
It should be noted that the estimated impacts to increment consumption do not constitute a
regulatory increment consumption analysis, but are provided to assess potential contributions to
pollutant concentrations as a way to provide a comparison with a common bench mark. A
regulatory increment analysis would be conducted by the regulatory authority (the Colorado Air
Pollution Control Division) and would consider all increment consuming sources and would be
done, when applicable, under the regulatory context of permitting new or modified major
stationary sources of air pollution as defined in the CAA. The table shows the highest predicted
impacts to PSD increments for any Class | or sensitive Class Il area for NO,, PM;4, PM; 5, and
SO,. The annual second-highest values for the 24-hour PM, s impacts would be lower than those
shown here for the highest annual values. All values are less than 1% of the applicable PSD
increment.
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Table 49 Highest PSD Pollutant Concentrations at any Class | or 1l Area due to Emissions from PNG Area Oil and Gas

Development (units are ug/m3).

Pollutant PSDClass| | Max @ any :se;c:; ts:: Class | Area where | PSD Class Il | Max @ any : Sel;c(::.:so; S::s:r: :;::
Increment | Class|area Max occurred Increment | Class Il area
Increment Increment occurred
Annual NO2 2.5 0.0011 0.04% Rocky_Mountain 25 0.0006 0.00% Mount_Evans
24-Hour PM10 8 0.0351 0.44% Rocky_Mountain 30 0.0121 0.04% Mount_Evans
Annual PM10 4 0.0015 0.04% Rocky_Mountain 17 0.0008 0.00% Mount_Evans
24-Hour PM2.5 2 0.0179 0.90% Rocky_Mountain 9 0.0067 0.07% Mount_Evans
Annual PM2.5 1 0.0006 0.06% Rocky_Mountain 4 0.0003 0.01% Mount_Evans
3-Hour SO2 25 0.0005 0.00% Rocky_Mountain 512 0.0002 0.00% Mount_Evans
24-Hour SO2 5 0.0002 0.00% Rocky_Mountain 91 0.0001 0.00% Mount_Evans
Annual SO2 2 0.0000 0.00% Rocky_Mountain 20 0.0000 0.00% Mount_Evans

Impacts from possible PNG oil and gas development to the 1-hour NO, standard are shown in

Figure 39. The maximum modeled impact to the 8™-highest 1-hour NO, concentration from PNG

sources is 7 mg/m®. Impacts to the annual average NO, concentration are shown in Figure 39.

The maximum modeled impact to the annual average NO, concentration from PNG sources is 2

mg/m®.

Figure 41 Maximum Modeled Contributions to 1 Hour Daily Maximum NO2 Concentrations from PNG 2021 Development

Scenario.
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Figure 42 Maximum Modeled Contributions to Annual Average NO2 Concentrations from PNG 2021 Development Scenario.

Annual Average NO, Contribution
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Impacts from possible PNG oil and gas development to the 1-hour SO, standard are shown in
Figure 41. The maximum modeled impact to the 4™-highest daily maximum1-hour SO,
concentration from PNG sources is 0 mg/m®. Impacts to the annual average SO, concentration
are shown in Figure 42. The maximum modeled impact to the annual average SO, concentration

from PNG sources is 0 mg/m?®,
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Figure 43 Maximum Modeled Contributions to 1 Hour Daily Maximum SO2 Concentrations from PNG 2021 Development

Scenario
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Figure 44 Maximum Modeled Contributions to Annual Average SO2 Concentrations from PNG 2021 Development Scenario
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The 1-hour NO; and 1-hour SO, standards are unlikely to be exceeded except in areas very close
to a source or group of sources. Impacts from potential oil and gas development will be
evaluated if needed as part of a near-field analysis at the project level. For this analysis, no
projects are proposed and the locations of potential developments cannot be determined, making
it infeasible to perform an analysis of near-field impacts. Impacts to these standards in the
immediate vicinity of development will be assessed if needed as part of a near-field analysis at
the project level.

Modeled contributions to the 2™ highest 1-hour daily maximum and annual 2"-highest 8-hour
CO concentrations from possible PNG oil and gas development are not available. Impacts to
these standards in the immediate vicinity of development will be assessed if needed as part of a
near-field analysis at the project level.
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The maximum modeled contribution from Pawnee NG sources to SO, 3-hour and 24-hour
concentrations at any grid cell within the modeling domain was less than 1 ug/ms. The
maximum contributions to the 8™ highest 24-hour and annual PM 5 concentrations due to
emissions from Pawnee NG sources are 0.6 and 0.2 pg/m>, respectively. The maximum
contribution to the 2nd highest 24-hour PM3, from Pawnee NG sources is 3 ug/rn3.

The CARMMS analysis also projected the impacts of Pawnee NG area emissions from potential
oil and gas development on ozone concentrations. The CARMMS 2008 base case results
indicate that 4th highest daily maximum ozone concentrations within the project area (Weld
County) would range from 70-73 ppb, which is very close to the standard and agrees reasonably
well with actual monitored values. The CARMMS results for the 2021 reasonably foreseeable
development scenario show a mixture of slight increases and decreases in 0zone concentrations
when compared with 2008 concentrations within the project area. The maximum modeled
contributions from potential future Pawnee area development are shown below in Figure 43. For
the 2021 scenario, the maximum modelled impact of these emissions to ozone concentrations
anywhere in the domain was 0.5 ppb (see Figure 43). The highest modelled contribution from
Pawnee area sources to a modeled exceedance of the 8-hour ozone was 0.032 ppb in the Denver
area. Modeled contributions to areas in northern New Mexico and eastern Utah, where
exceedances are projected to occur, were negligible.

Figure 45 Maximum Modeled Contributions to Ozone Concentrations from PNG 2021 Development Scenario.

& max(190,190) = 0.5 ppb
O min(2,2)= 0.0 ppb

As shown in Figure 43, maximum contributions to ozone contributions from PNG oil and gas
development are not expected to be more than 0.4 ppb. The geographical extent of the
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contributions is limited to the north-eastern part of the Colorado Front Range and southern
Wyoming.

Visibility Impacts

Visibility impacts were calculated at all Class | and sensitive Class Il wilderness areas using the
2010 Federal Land Managers’ Air Quality Related Values Work Group (FLAG) Report
procedures using monthly average relative humidity adjustment factors and annual average
natural conditions. The FLAG report details the federal lands managers’ guidance for assessing
impacts to air quality related values, including visibility, in lands that they manage.

The 2010 FLAG report states that a source whose 98th percentile value of the haze index is
greater than 0.5 deciview (dv) (approximately 5% change in light extinction) is considered to
contribute to regional haze visibility impairment, and a source that exceeds 1.0 dv
(approximately 10% change in light extinction) causes visibility impairment. The model-
predicted impacts from Pawnee NG oil and gas sources were compared against the 0.5 and 1.0
change in deciview (Adv) thresholds. As shown in Table 50, below, the results indicate that the
maximum impacts to visibility at Class | and sensitive Class Il wilderness areas within the
modeling domain were 0.13 dv at Rocky Mountain National Park, and 0.056 dv at the Mount
Evans wilderness. There were no days of visibility impacts above 0.5 dv at any Class | or
sensitive Class Il wilderness area within the modeling domain.

Table 50 Maximum Pawnee NG Impacts to Visibility (dv)

Max dv Class | (Max Max dv Class Il (Max
@ Class | Occurs) @ Class |l Occurs)
0.1306 Cl_Rocky Mountain 0.0558 Cll_Mount_Evans

Deposition Impacts

The contributions of emissions from Pawnee NG oil and gas development under the 2021
scenario to sulfur and nitrogen deposition at Class | and Il areas are shown in Table 46. These
annual deposition amounts are compared against the 0.005 kilogram per hectare per year
(kg/hal/yr) deposition analysis threshold (DAT) adopted by federal land managers. A DAT is
defined as the additional amount of nitrogen or sulfur deposition below which estimated impacts
to a Class | area, from a proposed new or modified major emission source, are considered
negligible (FLAG 2010). An impact above this threshold does not necessarily indicate
significance, but it highlights the need for further study of a proposal’s potential to adversely
impact sensitive resources such as soils, vegetation, or aquatic systems. Tables 51 and 52 show
the highest PNG contributions to nitrogen and sulfur deposition for the maximum and average
across grid cells that cover the Class | and sensitive Class 11 wilderness areas. For both
pollutants, the highest deposition at a Class | area occurs at Rocky Mountain National Park. The
highest deposition at a sensitive Class Il wilderness area occurs at the Mount Evans and Lost
Creek wilderness areas. None of the 30 Class | areas have modeled annual nitrogen or sulfur
deposition that exceeds the DAT.
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Table 51 Highest Maximum and Average Nitrogen Deposition Impacts Under 2021 Scenario (kg/ha/yr.) from Pawnee NG Oil

and Gas Development

Analysis Type Dep @ Class | | Class | Area where | Dep @ Class Il | Class |l Area where
ysis Typ Area Dep occurred Area Dep occurred
Maximum 0.0017 Cl_Rocky Mountain 0.0013 Cll_Maount_Evans
Average 0.0006 C|_Rocky_Mountain 0.0007 Cll_Lost_Creek

Table 52 Highest Maximum and Average Sulfur Deposition Impacts Under 2021 Scenario (kg/ha/yr.) from Pawnee NG Oil
and Gas Development

Analvsis Dep @ Class Dep @ Class
T ey | Area Affected Class | Area Il Area Affected Class Il Area
yp (kg/halyr.) (kg/halyr.)
. . Lost Creek and Mount Evans
Maximum | 0.000018 Rocky Mountain NP 0.000017 Wilderness Areas
. Lost Creek and Mount Evans
Average 0.000006 Rocky Mountain NP 0.000008 Wilderness Areas

Impacts to Acid Neutralizing Capacity (ANC) At Sensitive Lakes

Many headwater lakes located in wilderness areas are sensitive to acid deposition. A lake’s acid
neutralizing capacity governs its ability to tolerate elevated acidic inputs from the atmosphere—
the lower the ANC, the lower the lake’s ability to neutralize acidic inputs. This analysis assessed
the impacts of sulfur and nitrogen deposition on ANC for 58 lakes located in Class | areas and
sensitive Class Il wilderness areas within the domain. Lakes were chosen for this analysis based
on their relatively low baseline ANC values.

The USFS has established levels of acceptable change to ANC for sensitive lakes. For lakes with
a base ANC > 25 micro equivalents per liter (peq/1), the limit is no greater than a 25% change
(decrease) in ANC. For lakes with a baseline ANC < 25 peq/l, the limit is no greater than a 1
peq/l change (decrease) in ANC. The projected changes in ANC due to nitrogen and sulfur
deposition from the Pawnee NG 2021 High Scenario are shown in Table 53 below. The changes
shown in the table are absolute values and represent projected decreases in ANC. The largest
projected change, a decrease of 0.0064 peq/l, is for Upper Middle Beartracks Lake in the Mount
Evans Wilderness. The greatest projected decrease on a percentage basis is 0.02% at Blue Lake
in the Indian Peaks Wilderness. Also shown in the table are the 10" percentile lowest ANC
(which is used to determine the baseline), the projected total sulfur (S) and nitrogen (N)
deposition in kg/ha/yr., the estimated annual precipitation, the limit of acceptable change, and the
predicted value of the 10™ percentile lowest ANC for the lake in 2021. All of the values are
below the USFS limit of acceptable change threshold at all sensitive lakes.
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Table 53 Projected Changes in Acid Neutralizing Capacity at Sensitive Lakes Due to Federal Oil and Gas Development Within
the Pawnee NG Planning Area.

Pawnee Grasslands portion of RGFO#1

2021 Hi
10th Percentile | o\ < bep | Total N Dep DeltaANC | DeltaANC | UsFSLAC | Below | Frecicted 10th
Lake LowestANC |\ o /ha-yr) | (kg-N/haeyr) | T (™) %)’ " | Threshold | Threshold? | Pereentile
Value (peq/L) E v E U (%) (rea/L) " | LowestANC

Value (peq/L)
Brooklyn Lake 101.7 0.0000 0.0000 0.898 0.00% 0.0005 <10% yes 101.7
Tabor Lake 112.4 0.0000 0.0000 0.860 0.00% 0.0005 <10% yes 112.4
Booth Lake 86.8 0.0000 0.0001 0.844 0.00% 0.0006 <10% yes 86.8
Upper Willow Lake 134.1 0.0000 0.0001 0.741 0.00% 0.0015 <10% yes 134.1
Ned Wilson Lake 39.0 0.0000 0.0000 1.158 0.00% 0.0001 <10% yes 39.0
Upper Ned Wilson Lake 12.9 0.0000 0.0000 1.158 0.00% 0.0001 <1(pueq/L) yes 12.9
Lower NWL Packtrail Pothole 29.7 0.0000 0.0000 1.158 0.00% 0.0001 <10% yes 29.6
Upper NWL Packtrail Pothole 48.7 0.0000 0.0000 1.158 0.00% 0.0001 <10% yes 48.7
Walk Up Lake 55.2 0.0000 0.0000 0.878 0.00% 0.0000 <10% yes 55.2
Bluebell Lake 55.5 0.0000 0.0000 0.883 0.00% 0.0000 <10% yes 55.5
Dean Lake 48.9 0.0000 0.0000 1.061 0.00% 0.0000 <10% yes 48.9
No Name (Utah, Duchesne - 4D2-039) 67.0 0.0000 0.0000 0.844 0.00% 0.0000 <10% yes 67.0
Upper Coffin Lake 64.9 0.0000 0.0000 0.960 0.00% 0.0000 <10% yes 64.8
Fish Lake 105.8 0.0000 0.0000 0.869 0.00% 0.0000 <10% yes 105.8
Blodgett Lake, Colorado 47.7 0.0000 0.0000 0.928 0.00% 0.0003 <10% yes 47.7
Upper Turquoise Lake 104.0 0.0000 0.0000 0.809 0.00% 0.0005 <10% yes 104.0
Upper West Tennessee Lake 114.2 0.0000 0.0000 0.904 0.00% 0.0006 <10% yes 114.2
Blue Lake (Colorado; Boulder - 4E1-040) 19.3 0.0000 0.0003 1.128 0.02% 0.0032 <1(peq/L) yes 19.2
Crater Lake 53.1 0.0000 0.0003 1.071 0.01% 0.0027 <10% yes 53.1
King Lake (Colorado; Grand - 4E1-049) 52.3 0.0000 0.0004 0.959 0.01% 0.0042 <10% yes 52.3
No Name Lake (Colorado; Boulder - 4E1-055) 25.6 0.0000 0.0005 1.126 0.02% 0.0044 <10% yes 25.6
Upper Lake 69.0 0.0000 0.0003 1.139 0.00% 0.0024 <10% yes 69.0
Small Lake Above U-Shaped Lake 59.9 0.0000 0.0000 0.927 0.00% 0.0004 <10% yes 59.9
U-Shaped Lake 81.4 0.0000 0.0000 0.927 0.00% 0.0004 <10% yes 81.4
Avalanche Lake 158.8 0.0000 0.0000 1.282 0.00% 0.0001 <10% yes 158.8
Capitol Lake 154.4 0.0000 0.0000 1.110 0.00% 0.0002 <10% yes 154.4
Moon Lake (Upper) 53.0 0.0000 0.0000 1.110 0.00% 0.0002 <10% yes 53.0
Upper Middle Beartrack Lake 50.9 0.0000 0.0005 0.869 0.01% 0.0064 <10% yes 50.9
Abyss Lake 81.1 0.0000 0.0004 0.896 0.01% 0.0044 <10% yes 81.1
Frozen Lake 93.3 0.0000 0.0004 0.896 0.00% 0.0044 <10% yes 93.3
North Lake 80.9 0.0000 0.0004 0.896 0.01% 0.0044 <10% yes 80.9
South Lake 66.7 0.0000 0.0004 0.896 0.01% 0.0044 <10% yes 66.7
Lake Elbert 56.6 0.0000 0.0000 1.726 0.00% 0.0002 <10% yes 56.6
Seven Lakes (LG East) 36.2 0.0000 0.0000 1.546 0.00% 0.0002 <10% yes 36.2
Summit Lake 48.0 0.0000 0.0000 1.449 0.00% 0.0002 <10% yes 48.0
Deep Creek Lake 20.6 0.0000 0.0000 0.887 0.00% 0.0002 <1(pueq/L) yes 20.6
Island Lake 71.0 0.0000 0.0001 1.079 0.00% 0.0012 <10% yes 71.0
Kelly Lake 179.9 0.0000 0.0001 1.079 0.00% 0.0012 <10% yes 179.8
Rawah Lake #4 41.3 0.0000 0.0002 1.098 0.00% 0.0015 <10% yes 41.3
Crater Lake (Sangre de Cristo) 162.9 0.0000 0.0002 0.959 0.00% 0.0024 <10% yes 162.9
Lower Stout Lake 145.2 0.0000 0.0003 0.671 0.00% 0.0042 <10% yes 145.2
Upper Little Sand Creek Lake 129.5 0.0000 0.0002 1.064 0.00% 0.0025 <10% yes 129.5
Upper Stout Lake 76.3 0.0000 0.0003 0.671 0.01% 0.0042 <10% yes 76.3
Glacier Lake (Colorado) 63.4 0.0000 0.0001 1.145 0.00% 0.0005 <10% yes 63.4
Lake South of Blue Lakes 16.9 0.0000 0.0001 1.312 0.00% 0.0005 <1(peq/L) yes 16.9
Big Eldorado Lake 19.6 0.0000 0.0000 1.128 0.00% 0.0001 <1(peq/L) yes 19.6
Four Mile Pothole 123.4 0.0000 0.0000 1.173 0.00% 0.0003 <10% yes 123.4
Lake Due South of Ute Lake 13.2 0.0000 0.0000 1.067 0.00% 0.0001 <1(peq/L) yes 13.2
Little Eldorado -33 0.0000 0.0000 1.128 0.00% 0.0001 <1(peq/L) yes -33
Little Granite Lake 80.7 0.0000 0.0000 0.830 0.00% 0.0003 <10% yes 80.7
Lower Sunlight Lake 80.9 0.0000 0.0000 1.177 0.00% 0.0001 <10% yes 80.9
Middle Ute Lake 42.8 0.0000 0.0000 1.052 0.00% 0.0001 <10% yes 42.8
Small Pond Above Trout Lake 25.5 0.0000 0.0000 1.087 0.00% 0.0003 <10% yes 25.5
Upper Grizzly Lake 29.9 0.0000 0.0000 1.177 0.00% 0.0001 <10% yes 29.9
Upper Sunlight Lake 28.0 0.0000 0.0000 1.177 0.00% 0.0001 <10% yes 28.0
West Snowdon Lake 39.4 0.0000 0.0000 0.978 0.00% 0.0001 <10% yes 39.3
White Dome Lake 2.1 0.0000 0.0000 1.128 0.01% 0.0001 <1(peq/L) yes 2.1

South Golden Lake 111.4 0.0000 0.0000 0.984 0.00% 0.0002 <10% ves 111.4 00

* USDA Forest Service methodology reports both Delta ANC calculations and LAC thresholds as positive quantities, however they reflect a decrease in lake ANC




Cumulative Ozone Impacts

Figure 44 shows the projected cumulative impacts to the 4™ highest daily maximum 8-hour
ozone concentration at locations throughout the modeling domain. The projected values are the
maximum predicted for each location and would not necessarily occur on the same day. Areas
colored in white are those with a projected maximum value at or above 76 ppb, indicating a
projected exceedance of the standard. Other colors represent areas with projected maximum
values at or below the standard of 75 ppb. The projected values for the 2008 base case are
shown on the map on the left side of the figure. The map on the right shows projected values for
the 2021 high development scenario. The modeling analysis predicts exceedances of the ozone
standard in some areas, particularly in the Front Range urban area, which is consistent with
monitoring results. The model predicts some increases and some decreases by 2021 in the 4™
highest daily maximum 8-hour ozone concentration for difference areas on the map, but the
overall extent of exceedances is predicted to decrease, particularly in the Denver area.

Figure 46 Fourth Highest Daily Maximum 8-hour Ozone Concentrations for the 2008 Base Case (left) and the 2021 High
Development Scenario (right)

The 4th highest 8 hour average daily max 03 The 4th highest 8 hour average daily max 03
2008 2021 High Oil and Gas Scenario
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& max(123,86) = 78.0 ppb & max(48,201) = 78.0 ppb
O min(144,185) = 63.2 ppb O min(13,62) = 55.5 ppb

In addition to absolute modeling results presented above, the cumulative impacts on ozone
concentrations were assessed using EPA’s Model Attainment Test Software, or MATS
(http://www.epa.gov/scram001/modelingapps_mats.htm), as recommended by EPA (2007). This
tool was used to take the relative differences in predicted ozone between the 2008 base case and
the 2021 high development scenario and apply them to measured ozone concentrations to
estimate future ozone design values at monitoring locations.

A design value is a statistic that describes the air quality status of a given location relative to the
level of the National Ambient Air Quality Standards. For ozone, this is the 3-year average of the
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annual 4™-highest 8-hour ozone concentration. The MATS tool was also used to make 2021
ozone design value predictions at locations throughout the modeling domain through the
unmonitored area analysis procedures. The results of this analysis are shown in Figure 45 below
for selected monitors located within the Denver nonattainment area. The figure shows the
monitor name, EPA identifier (CID), the current design value (DVC), and the future predicted
design value (DVF). For most of the monitored locations, modeled ozone predictions within the
entire domain result in lower future modeled values, with the only exception being the Larimer
monitor (within the Denver-Northern Front Range Ozone nonattainment area), which registered
a slight increase from the baseline year to the future year (2021). Only two monitors within the
entire domain showed future design values that would exceed the 8 hour-ozone standard in year
2021. Predicted future design values for all of the rest of the monitored locations were below the
standard.

Figure 47 Baseline and Predicted Future Design Values for Ozone (ppb) Results from the Modeled Attainment Test Software
Relative Analysis

Monitor Name ciD DvC DVF ﬁ?;; RFD
CO_Adams 080013001 71.5 70.5
CO_ Boulder 080130011 77.3 744
CO_Denver 080310014 70.3 69.0
CO_Douglas 080350004 78.3 757
CO_Jefferson 080590006 82.0 795
CO_Jefferson 080590011 76.3 74.0
CO_Larimer 080690011 78.0 789
CO_Larimer 080691004 67.3 67.4
CO_Weld 081230009 72.7 721

* DV, based on 2006-2010 observations

Cumulative Impacts to Visibility at Class | Areas

The EPA promulgated the Regional Haze Rule to meet the Clean Air Act’s goal of the
“prevention of any future, and the remedying of any existing, impairment of visibility in
mandatory Class | federal areas which impairment results from man-made air pollution.” Under
this rule, states track trends in visibility conditions on the 20% of days with the best visibility
(20% clearest days) and on the 20% of days with the poorest visibility (20% haziest days). For
the cumulative visibility analysis, visibility impacts were calculated on both the 20% clearest and
20% haziest days at Class | areas within the modeling domain using the MATS software. These
results are presented in Table 54 below. The table shows the projected 2008 base case deciview
on the clearest and haziest days and the corresponding projections for the 2021 scenario. The
change for both scenarios is also shown, where a decrease in deciview indicates improving
visibility. The modeling results suggest that on the haziest days, visibility will improve at all
Class I areas except for Salt Creek and Capitol Reef. On the clearest days, small increases in
deciview are projected for a number of Class I areas, but only Bandelier National Monument,
Capitol Reef National Park, and Salt Creek show a degradation of visibility on the clearest days
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of more than 0.5 deciview. No change in visibility of more than 0.7 dv is projected on the best

days at any Class I area. For comparison, the Federal Land Managers’ Air Quality Related

Values Work Group considers a source whose 98th percentile value of the haze index is greater

than 0.5 deciview (dv) (approximately a 5% change in light extinction) to be contributing to
regional haze visibility impairment. Similarly, a source that exceeds 1.0 dv change
(approximately a 10% change in light extinction) causes visibility impairment.*®

Table 54 Projected Cumulative Impacts to Visibility in Class | Areas

Haziest 20% of Days (dv) Clearest 20% of Days (dv)
2008 2008
IMPROVE | Base | 2021 Deciview | Base | 2021 Deciview

Class | Area Monitor Case | Scenario | Change Case | Scenario | Change
Arches NP uT CANY1 11.02 | 10.63 -0.39 2.86 | 2.97 0.11
Mount Baldy Wilderness AZ BALD1 11.10 | 10.40 -0.70 2.86 | 2.83 -0.03
Bandelier NM NM BAND1 11.33 | 11.16 -0.17 401 | 471 0.70
Black Canyon of the Gunnison NM CcO WEMI1 9.95 9.52 -0.43 2.25 | 2.39 0.14
Bosque del Apache NM BOAP1 12.72 | 12.26 -0.46 550 |5.52 0.02
Canyonlands NP uT CANY1 11.02 | 10.63 -0.39 2.86 | 2.97 0.11
Capitol Reef NP uT CAPI1 10.72 | 11.00 0.28 258 | 3.09 0.51
Eagles Nest Wilderness CcO WHRI1 8.68 8.07 -0.61 0.69 | 0.65 -0.04
Flat Tops Wilderness CO WHRI1 8.68 | 8.07 -0.61 0.69 | 0.65 -0.04
Gila Wilderness NM GICL1 1158 | 11.13 -0.45 2.58 | 2.62 0.04
Great Sand Dunes NP CO GRSAl 10.90 | 10.48 -0.42 3.58 | 3.64 0.06
La Garita Wilderness CO WEMI1 995 | 952 -0.43 2.25 |2.39 0.14
Maroon Bells-Snowmass Wilderness CO WHRI1 8.68 8.07 -0.61 0.69 | 0.65 -0.04
Mesa Verde NP CO MEVE1 11.20 | 10.84 -0.36 3.12 | 3.18 0.06
Mount Zirkel Wilderness CO MOZI1 9.36 8.52 -0.84 0.95 | 0.75 -0.20
Petrified Forest NP AZ PEFO1 12.49 | 12.19 -0.30 454 | 4.70 0.16
Rawah Wilderness CO MOZI1 9.36 8.52 -0.84 0.95 | 0.75 -0.20
Rocky Mountain NP CO ROMO1 12.04 | 11.18 -0.86 1.91 | 2.00 0.09
Salt Creek Wilderness NM SACR1 16.87 | 17.38 0.51 6.81 | 7.32 0.51
San Pedro Parks Wilderness NM SAPE1 9.43 8.72 -0.71 1.28 | 1.32 0.04
West EIk Wilderness CO WHRI1 8.68 | 8.07 -0.61 0.69 | 0.65 -0.04
Weminuche Wilderness CcO WEMI1 9.95 9.52 -0.43 2.25 | 2.39 0.14
White Mountain Wilderness NM WHIT1 12,92 | 12.83 -0.09 3.33 | 3.43 0.10

Cumulative Impacts to Deposition

The CAMx model used in the CARMMS analysis predicted CAMx-predicted wet and dry fluxes
of sulfur- and nitrogen-containing species were processed to estimate total annual sulfur (S) and
nitrogen (N) deposition values at each Class | and sensitive Class Il wilderness area. Tables 55

* Federal Land Managers ‘Air Quality Related Values Work Group (FLAG) Phase | Report—Revised (2010),
http://www.nature.nps.gov/air/pubs/pdf/flag/FLAG_2010.pdf
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and 56 present the maximum and average deposition values for nitrogen and sulfur under the
2021 high development scenario due to all sources at Class I and sensitive Class 1l wilderness
areas within the modeling domain. The highest predicted maximum nitrogen deposition at a
Class I area is 8.5 kg-N/ha/yr. at Bandelier National Monument in New Mexico. The highest

average predicted nitrogen deposition at a Class | area is 3.3 kg-N/ha/yr. at Mount Zirkel
Wilderness in Colorado. The maximum predicted nitrogen deposition at Rocky Mountain

National Park is 3.4 kg-N/ha/yr., and the average is 3.6 kg-N/ha/yr. Predicted sulfur deposition

values were lower, with the highest maximum value of 1.74 kg-S/ha/yr. at Mount Baldy

Wilderness. The highest average sulfur deposition at a Class | area is 1.2 kg-S/ha/yr. at Wheeler

Peak Wilderness.

Table 55 Cumulative Deposition at Class | Areas for 2021 High Development Scenario

Nitrogen- Nitrogen- Sulfur- Sulfur-
Class | Area Max Avg Max Avg
(kg-N/ha) (kg-N/ha) (kg-S/ha) (kg-S/ha)
Arches NP 1.67 1.56 0.22 0.20
Bandelier NM 8.47 2.29 0.77 0.45
Black Canyon of the Gunnison NM 2.67 2.06 0.36 0.32
Bosque del Apache (Chupadera Unit) Wilderness 1.75 1.60 0.38 0.36
Bosque del Apache (Indian Well Unit) Wilderness 1.87 1.69 0.37 0.35
Bosque del Apache (Little San Pascual Unit) Wilderness 2.49 1.63 0.37 0.35
Bosque del Apache National Wildlife Refuge 2.49 1.71 0.38 0.34
Canyonlands NP 1.81 1.42 0.35 0.22
Capitol Reef NP 3.22 1.55 0.40 0.22
Eagles Nest Wilderness 2.79 2.12 0.92 0.58
Flat Tops Wilderness 3.00 2.39 1.04 0.71
Galiuro Wilderness 2.39 2.29 1.31 1.17
Gila Wilderness 2.07 1.40 1.32 0.63
Great Sand Dunes NM 4.34 2.08 0.57 0.34
La Garita Wilderness 1.97 1.67 0.67 0.51
Maroon Bells-Snowmass Wilderness 3.01 2.45 1.14 0.89
Mesa Verde NP 2.92 2.53 0.58 0.49
Mount Baldy Wilderness 2.38 1.94 1.74 1.13
Mount Zirkel Wilderness 4.29 3.34 1.48 1.04
Pecos Wilderness 2.98 2.29 1.42 0.86
Petrified Forest NP 1.85 1.69 0.52 0.47
Rawah Wilderness 3.23 2.70 1.01 0.73
Rocky Mountain NP 3.41 2.57 1.11 0.68
Salt Creek Wilderness 2.70 2.42 0.69 0.61
San Pedro Parks Wilderness 2.70 2.31 1.11 0.75
Weminuche Wilderness 3.03 2.23 1.50 0.87
West EIk Wilderness 2.55 2.03 0.90 0.58
Wheeler Peak Wilderness 3.10 2.76 1.54 1.22
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White Mountain Wilderness 3.09 2.43 1.61 0.98
Table 56 Cumulative Deposition at Class Il Areas for 2021 High Development Scenario
Nitrogen- Nitrogen- Sulfur- Sulfur-
Class Il Area Max Avg Max Avg
(kg-N/ha) (kg-N/ha) (kg-S/ha) (kg-S/ha)
Browns Park NWR 2.33 2.02 0.30 0.25
Colorado NM 2.87 2.38 0.38 0.30
Dinosaur NM 3.70 241 0.54 0.35
Dinosaur NM on Colorado side 3.07 2.28 0.54 0.35
Dinosaur NM on Utah side 3.70 2.77 0.53 0.35
Flaming Gorge RA 3.43 2.07 0.46 0.30
Greenhorn Mountains WA 2.76 2.33 0.91 0.57
High Uintas WA 2.38 1.87 0.67 0.49
Holy Cross Wild/San Isabel NF 2.33 1.99 0.74 0.52
Holy Cross Wild/White River NF 2.68 2.06 0.92 0.60
Hunter-Fryingpan Wild/White River NF 2.27 1.97 0.72 0.57
La Garita Wild/Gunnison NF 1.97 1.56 0.67 0.44
La Garita Wild/Rio Grande NF 1.90 1.63 0.63 0.49
Lost Creek WA 2.79 2.34 0.71 0.51
Maroon Bells-Snowmass Wild/Gunnison NF 2.53 2.18 1.00 0.79
Maroon Bells-Snowmass Wild/White River NF 3.01 2.21 1.14 0.71
Mount Zirkel Wild/Routt NF 4.29 3.20 1.48 0.97
Mount Evans WA 3.16 2.35 0.76 0.53
Raggeds Wild/Gunnison NF 2.70 2.25 1.10 0.70
Raggeds Wild/White River NF 2.70 2.52 1.10 0.88
Rawah Wild/Roosevelt NF 3.23 251 1.01 0.65
Savage Run WA 2.60 2.16 0.72 0.52
Spanish Peaks WA 2.81 2.49 0.86 0.69
Weminuche Wild/Rio Grande NF 2.83 1.93 1.15 0.66
Weminuche Wild/San Juan NF 3.03 2.36 1.50 0.95
West ElIk Wild/Gunnison NF 2.58 1.99 0.90 0.54
White River NF 2.44 2.44 0.70 0.70

Cumulative Impacts to Particulate Matter Concentrations
There are two fine particulate (PM,5) ambient air quality standards, one for a 24-hour averaging

time that is expressed as a three-year average of the 98th percentile value in a year with a

threshold of 35 ug/m® and an annual average over three-years with a threshold of 12 pg/m®. With
a complete year of modeling results, the 98th percentile corresponds to the 8th highest daily
PM., s concentration in a year. Figure 46 below shows predicted values for the 8™ highest daily

average PM s concentration for the 2008 base case and the 2021 high scenario across the
modeling domain. White shading indicates areas that are projected to exceed the 24-hour

standard. The maximum 8th high 24-hour PMy in 2008 (670 pug/m®) and 2021 (671 pg/m°)
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exceed the 35 pug/m® NAAQS. These high values occurred on the southern border of the
CARMMS domain and were due to emissions from wildfires. Within Colorado, the results show
areas along and east of the Front Range are predicted to exceed the standard, and the area
experiencing exceedances is projected to grow by 2021.

Figure 48 Eighth highest 24-hour PM2.5 Concentrations for the 2008 Base Case (left) and the 2021 High Development
Scenario (right).
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Figure 47 below shows the projected annual average PM; s concentrations for the 2008 base case
and 2021 high development scenario. The highest annual average PM, 5 concentration is ~30
ng/m® in both the 2008 and 2021 scenarios and occurs in the southern most portion of the
modeling domain near Ruidoso, New Mexico; this maximum value is and is due to wildfires.
The plots indicate there are several areas where the modeled annual PM, s concentrations are
projected to exceed the 12 pg/m® annual ambient standard. Areas projected to exceed the
standard areas are identified in red.
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Figure 49 Annual Average PM2.5 Concentrations for the 2008 Base Case (left) and the2021 High Development Scenario

(right)
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The maximum predicted contribution from PNG oil and gas sources to the 8th highest 24-hour

PM, s and annual PM; 5 concentrations under the 2021 high scenario are 0.6 |,tg/m3 and 0.2 ug/m3,

respectively.

Figure 48 shows the projected second highest daily average PMy, concentrations across the
modeling domain for the 2008 base case and the 2021 high development scenario. This figure
also indicates projected exceedances of the standard, as indicated by the areas colored white on

the maps, although there are fewer exceedances than for PM,s. The area of projected
exceedances along the Front Range is projected to grow by 2021. Figure 49 shows the projected

contribution of Pawnee NG oil and gas sources to PMj, contributions by 2021. The maximum

contribution shown is 3 ug/mB.
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Figure 50 Second Highest 24-hour Average PM10 Concentrations for the 2008 Base Case (top left) and 2021 High

Development Scenario.
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Figure 51 Contribution of PNG Oil and Gas Sources to 2nd-Highest 24-hour PM10.
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Figure 50 below shows the modeled change in the 2" highest daily average PM;q concentration
from 2008 to 2021. The maximum projected change is 241.4 mg/m® and occurs in north central
New Mexico. Smaller increases in the 2" highest daily average PM;q concentration are projected
to occur in the vicinity of the PNG.

Figure 52 Modeled change in the 2nd highest daily average PM10 concentration from 2008 to 2021

The 2nd highest daily average PM,, Concentration
2021 High Oil and Gas Scenario - 2008
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& max(123,89) = 241.4 ug m”
O min(144,185) = -24.6 ug m®

Cumulative Impacts to SO, and NO, concentrations

Figure 51 shows the projected impacts to SO, concentrations within the modeling domain for the
4™ highest 1-hour daily maximum for the 2008 base case and 2021 high development scenario.
The 2021 high scenario shows a maximum value 212 pug/m®, which exceeds the standard of 196
mg/m?3, in Arizona. This exceedance occurred at a considerable distance from the Pawnee NG,
and was not a result of impacts from projected Pawnee NG development. No exceedances are
projected for the Pawnee NG area under the 2021 scenario.
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Figure 53 Fourth highest (98th percentile) daily maximum 1-hour average SO2 concentrations for the 2008 Base Case (left)

and 2021 High Development Scenario (right).
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Figure 52 shows the predicted 2008 base case and 2021 for the second-highest 3-hour SO,
concentrations across the modeling domain. The maximum predicted value for the 2021 high
scenario is 185 pg/m®, which is below the 3-hour standard of 1300 pg/m®.
Figure 54 . Second highest 3-hour average SO2 concentrations for the 2008 Base Case (left) and 2021 High Development
Scenario (right).
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Figure 53 shows the modeled 2008 base case and 2021 annual average SO, concentrations across
the modeling domain. The maximum modeled annual concentrations are 15.2 mg/m? for the
2008 base case and 31.4 mg/m? for 2021.

Figure 55 . Annual average SO2 concentrations for the 2008 Base Case (left) and 2021 High Development Scenario (right)
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Figure 54 shows the relative change in the modeled 4th highest 1 hour daily maximum and
annual average SO, concentrations from 2008 to 2021. The largest modeled increase in the 4th
highest 1 hour daily maximum concentration, 91.2 ug/m?®, is located in western Colorado. The
figure shows the modeled 4™ highest 1-hour daily maximum SO, concentrations in the vicinity
of the PNG are projected to stay the same or decrease. The largest modeled increase in the
annual average SO, concentration, 27.6 mg/m?, is located in Arizona. No change in annual
average SO, concentration is projected in the vicinity of the PNG.
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Figure 56 Modeled change in the 4th highest 1-hour daily maximum (left) and annual (right) SO2 concentrations from 2008
to 2021
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NO, NAAQS Analysis
Figure 55 shows the modeled cumulative impacts to NO, concentrations within the modeling
domain for the 8™ highest 1-hour daily maximum for the 2008 base case and 2021 high
development scenario. The 2021 high scenario shows a maximum value of 514.8 pg/m®, which

exceeds the standard of 188 mg/m?, located in New Mexico near the southern edge of the
modeling domain.
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Figure 57 Eighth highest daily maximum 1-hour average NO2 concentrations for the 2008 Base Case (left) and 2021 High
Development Scenario (right)
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Figure 56 shows the modeled cumulative impacts to annual average NO, concentrations within
the modeling domain for the 2008 base case and 2021 high development scenario. The 2021 high

scenario shows a maximum value of 65.6 pg/m®, in the vicinity of the PNG. This is below the
standard of 53 ppb (or 99 pg/m°).

Figure 58 Average Annual NO2 Concentrations for the 2008 Base Case (left) and 2021 High Development Scenario (right)
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Figure 57 shows the relative change in the modeled 8" highest 1 hour daily maximum and
annual average NO, concentrations from 2008 to 2021. The largest modeled increase in the 8"
highest 1 hour daily maximum concentration is located in the vicinity of the PNG near the
Wyoming border in northeast Colorado, at 217.1 mg/m?®. The largest modeled increase in the
annual average NO, concentration is located in approximately the same area, at 63.1 ug/m®.

Figure 59 Modeled change in the 8th highest 1-hour daily maximum (left) and annual NO2 concentrations (right) from 2008
to 2021
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Figure 58 shows the modeled cumulative impacts to CO concentrations within the modeling
domain for the 2" highest 1-hour daily maximum for the 2008 base case and 2021 high
development scenario. The 2021 high scenario shows a maximum value of 43,106 ug/m® which
exceeds the standard of 40,082 mg/m?, located in New Mexico. Modeled CO values in the
vicinity of the PNG are well below the standard.

Figure 60 Second Highest Daily Maximum 1-hour Average CO Concentrations for the 2008 Base Case (left) and 2021 High
Development Scenario (right)
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Figure 59 shows the modeled cumulative impacts to CO concentrations within the modeling
domain for the 2" highest 8-hour average for the 2008 base case and 2021 high development

scenario. The 2021 high scenario shows a maximum value of 38,453 pg/m®, which is above the

standard of 10,305 pg/m?, located in New Mexico. Modeled CO values in the vicinity of the

PNG are below the standard.

Figure 61 Second Highest 8-hour Average CO Concentrations for the 2008 Base Case (left) and 2021 High Development

Scenario (right)
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Figure 60 shows the relative changes in the modeled 2" highest 1 hour daily maximum and 2™
highest 8 hour average CO concentrations from 2008 to 2021. The largest modeled increase in
the 2" highest 1 hour daily maximum CO concentration is located to the west of Denver, at
2,194 mg/m?. The largest modeled increase in the 2" highest 8 hour average CO concentration,
1,764.7 ng/m°, is located over the city of Denver.

Figure 62 Modeled change in the 2nd highest 1-hour daily maximum (left) and 2nd highest 8-hour CO concentrations
(right) from 2008 to 2021
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Future Considerations

All federal actions that occur within an air quality nonattainment area must comply with the
General Conformity Rule. This rule, established by the Environmental Protection Agency under
the Clean Air Act, ensures that federal actions that occur within a nonattainment area do not
interfere with the state’s plan to meet air quality standards. As the southern portion of the
Pawnee NG lies within the Denver metropolitan ozone nonattainment area, any oil and gas
development resulting from a federal action that occurs within the nonattainment area will be
required to meet the provisions of the general conformity rule. This determination will be
required unless the activity causes only a small amount of emissions (below de minimis levels),
is presumed to conform, or is otherwise exempt. If an action is not exempt and has the potential
to emit ozone precursors (nitrogen oxides and volatile organic compounds) in excess of de
minimis thresholds, the BLM will complete a general conformity determination as required by
40 CFR 93. For the Denver metropolitan nonattainment area, the de minimis levels are 100 tons
of VOCs or 100 tons of NOy. Because there are no development projects being considered under
this analysis and thus no known emissions inventory is available to compare to the de minimis
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levels, a conformity analysis for any specific development proposal will be completed by the
BLM at the project level.

The proposed action being considered for this analysis is whether or not to make lands available
for leasing. This action has been evaluated in accordance with the provisions of 40 CFR 93.153,
which covers the applicability of conformity determinations. As stated in Subpart c, the
conformity determination requirements do not apply to Federal actions that would result in no
emissions increase or an increase in emissions that is clearly de minimis, or where the emissions
are not reasonably foreseeable. 40 CFR 193.152 states that reasonably foreseeable emissions are
“projected future direct and indirect emissions that are identified at the time the conformity
determination is made; the location of such emissions is known and the emissions are
quantifiable as described and documented by the Federal agency based on its own information
and after reviewing any information presented to the Federal agency.”

The act of leasing or making lands available for lease does not authorize emissions generating
activities. Leasing itself is similar in nature to the excepted activities listed in 40 CFR 93.153,
“Transfers of ownership, interests, and titles in land, facilities, and real and personal properties,
regardless of the form or method of the transfer.” Furthermore, the locations and amounts of
indirect emissions that may result in the future if parcels are leased and developed cannot be
determined at this time, and thus there are no reasonably foreseeable projected direct or indirect
emissions. For these reasons, this action has been found to conform and does not require
additional analysis under 40 CFR 93.

If parcels are leased and developed in the future, it is likely there would be project design
features such as equipment sets, tanks, separators, compression engines, pump jacks, dehydration
units, etc. that will require at least a minor new source review (i.e. permit) prior to construction.
As stated in 40 CFR 93.153(d), “Notwithstanding the other requirements of this subpart, a
conformity determination is not required for the following Federal actions (or portion thereof): -
40 CFR 93.153(d)(1) - The portion of an action that includes major or minor new or modified
stationary sources that require a permit under the new source review (NSR) program (Section
110(a)(2)(c) and Section 173 of the Act) or the prevention of significant deterioration program
(title I, part C of the Act).” While the specific details of any future project are not known at this
time, emissions from any such permitted facilities would not be subject to the general conformity
analysis provisions. In other words, equipment and operations that undergo state air permitting
(minor or major) would already be analyzed for their potential impacts to ozone pollution and a
conformity analysis is not required. This permitting exemption only covers stationary sources
that are required to obtain a permit under the New Source Review or PSD programs; a source
that is not subject to those permitting programs would not be covered by this exemption.

If parcels are leased and developed, the BLM will consider options for mitigating emissions to
reduce impacts, if necessary, at the project level. The BLM recently developed a strategy to
address air resource concerns within Colorado known as the Comprehensive Air Resources
Protection Protocol (CARPP). This strategy document outlines potential mitigation measures that
may be required of oil and gas operators to protect air resources.
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As mentioned earlier, the CARMMS modeling study included an examination of impacts from
potential oil and gas development of federal minerals throughout Colorado, both as regional
source groups and cumulatively. The results from this study for many of these source groups are
not available as of this writing but will be included in a BLM summary report in the next few
months. In addition, future CARMMS modeling results will include two additional scenarios,
one with a lower level of projected development, and an intermediate scenario that projects the
same level of development as the high scenario presented here but includes additional controls
that would lower emissions. Although the impacts presented here from Pawnee NG emissions
alone are comparatively small, the BLM will consider cumulative impacts from oil and gas
development within the state when considering mitigation for Pawnee NG oil and gas
development. The BLM will also consider the results of the two additional CARMMS modeling
runs when determining the appropriate level emissions controls.

The analysis presented here provides sufficient information for this level of decision, where the
decision under consideration is whether or not to make lands available for leasing. As there is no
way at this time to accurately project the exact location, nature, and extent of oil and gas
development that might occur as a result of this decision, the air quality analysis considered a
conservative but reasonable scenario based upon the RFD that included all wells within the
boundary of the Pawnee NG. The number of wells analyzed was somewhat higher than the
number of wells projected under any of the alternatives, and should therefore provide an upper
bound to potential air quality impacts. As can be seen from the modeling results presented here,
the potential impacts to air quality from potential Pawnee NG development alone are relatively
small and will not cause or contribute to any violations of the NAAQS. While some exceedances
are predicted to SO, particulate matter, and ozone standards, the individual contributions from
the Pawnee NG to concentrations of these pollutants are extremely small. The contributions of
Pawnee NG sources to AQRVs (i.e. visibility and deposition) presented here for Class | and
sensitive Class Il wilderness areas are also quite small.

Greenhouse Gases

Greenhouse gases are atmospheric gases that absorb energy radiated from the earth, preventing
that energy from being lost to space. Greenhouse gases include water vapor, carbon dioxide
(CO,), methane (CHy), nitrous oxide (N,O), and fluorinated gases. These gases help to regulate
the temperature of the earth by preventing the loss of heat. Without these gases, the temperature
of the earth would be much cooler than it is. Climate is influenced by natural changes that affect
how much solar energy reaches Earth. These changes include changes within the sun, changes in
Earth’s orbit, and changes in the reflectivity of the Earth.
(http://www.epa.gov/climatechange/science/causes.html) Climate is also affected by natural
variations in the amount of greenhouse gases present in the atmosphere. Greenhouse gases
remain in the atmosphere for relatively long times. For example, the atmospheric lifetime of CO,
in the atmosphere is estimated at 5 to 200 years, the lifetime of methane at 12 years, and the
lifetime of N,O is estimated to be 114 years (http://www.ipcc.ch/ipccreports/tar/wg1/016.htm).

Human activities have substantially increased the amount of greenhouse gases present in the
atmosphere since the beginning of industrialization. The concentration of carbon dioxide, for
example, has increased from 280 parts per million (ppm) prior to industrialization to around 400

185


http://www.epa.gov/climatechange/science/causes.html
http://www.ipcc.ch/ipccreports/tar/wg1/016.htm

ppm in 2013 (http://www.esrl.noaa.gov/gmd/ccga/trends/)**. This rise in CO, concentrations has
been accompanied by increases in the global mean temperature. Globally the average annual
temperature has risen since 1900 by about 1.5°F and is expected to rise another 2 to 10°F by
2100. The average annual temperature in the United States has risen by a comparable amount
over the same time period but is expected to rise more than the global average over this century
(Karl et al. 2009).

The extent of changes that have occurred to the climate is becoming more certain. The
Intergovernmental Panel on Climate Change (IPCC) has concluded in its 2013 report that:

“Warming of the climate system is unequivocal, and since the 1950s, many of the observed
changes are unprecedented over decades to millennia. The atmosphere and ocean have warmed,
the amounts of snow and ice have diminished, sea level has risen, and the concentrations of
greenhouse gases have increased. Each of the last three decades has been successively warmer at
the Earth’s surface than any preceding decade since 1850. In the Northern Hemisphere, 1983—
2012 was likely the warmest 30-year period of the last 1400 years (medium confidence).”*

Greenhouse gas emissions are often expressed in terms of carbon dioxide equivalents (CO.e).
This is a measure of the quantity of carbon dioxide that would be required to produce an
equivalent amount of warming. For example, the CO.e of carbon dioxide is 1, and for methane
the CO.e is approximately 21. This means that methane has approximately 21 times the warming
potential of carbon dioxide.*®

In 2005 Colorado’s greenhouse emissions were 35 percent higher than they were in 1990. They
are projected to grow 81 percent above the 1990 levels by 2020. Climate change related impacts
observed in Colorado in recent decades include shorter and warmer winters with reduced
snowpack and earlier spring runoff, more precipitation falling as rain rather than snow, and
longer periods of drought (CDPHE 2010).

Energy-related activities in the United States account for three-quarters of human-generated
GHG emissions. These activities account for 97 percent of carbon dioxide (CO,), 37 percent of
methane (CH,) and 13 percent of nitrous oxide (N>O) emissions in the country (EPA 2010a).
Stationary sources such as power plants make up more than half of the energy-related emissions.
Transportation’s contribution is one third of these emissions (CDPHE 2010).

The end use of natural gas is primarily as an energy source for the production of heat or
electricity. Cleaner burning than coal, the contribution to greenhouse gases is primarily through
emissions of carbon dioxide (CO,). A 2009 inventory of fossil fuel sources in the United States
shows that the contribution to greenhouse gases from natural gas combustion represents about a
third of the total carbon equivalents from emissions from electrical and heat generation. Coal’s

“ Dr. Pieter Tans, NOAA/ESRL (www.esrl.noaa.gov/gmd/ccgg/trends/) and Dr. Ralph Keeling, Scripps
Institution of Oceanography (scrippsco2.ucsd.edu/).

* http://www.ipcc.ch/report/ar5/wg1/docs/WGIARS_SPM_brochure_en.pdf
*® http://epa.gov/climatechange/ghgemissions/gases/ch4.html
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contribution is about 53 percent. Overall, natural gas combustion contributes to 17 percent of the
greenhouse gas emissions in the United States (EPA 2011).

Natural gas is one of the top three major fuel sources that contribute to the United States’ energy-
related emissions of carbon dioxide (CO,). Petroleum contributes about 42 percent of the total
emissions, coal comes in second with approximately 37 percent, and natural gas contributes 21
percent (DOE 2009).

Aside from GHG emissions from fossil fuel consumption in the United States, the production,
transmission, storage, and distribution of natural gas contributes to less than one percent of
carbon dioxide (CO,) emissions and about 17 percent of methane (CH,4) emissions. The source of
most of these emissions is leakage from wells, pipelines, well-site treatment facilities, pneumatic
devices, compressors, storage facilities, and other related systems. Emissions of carbon
monoxide (CO), volatile organic compounds (VOCs), and nitrogen oxides (NOy) are also emitted
but in much smaller quantities (EPA 2010a).

The EPA has recognized the significance of equipment leaks and vented GHG emissions from
both the natural gas and petroleum industries. A recent ruling by the EPA requires mandatory
reporting of GHG from facilities that annually emit 25,000 metric tons or more of carbon dioxide
(COy) equivalent (mtCO,e) (EPA 2010b). In February 2014, the State of Colorado adopted new
regulations that will affect emissions from the oil and gas industry. These include Regulation 7,
which contains extensive requirements to control emissions of ozone precursors and
hydrocarbons from equipment associated with oil and gas development and production.*” In
addition to extensive VOC reductions, the Regulation Number 7 revisions also regulate methane
emissions from the oil and gas industry.*® It also adopted Regulation 6, which incorporates the
federal Standards of Performance for Crude Oil and Natural Gas Production, Transmission, and
Distribution Standards contained in 40 CFR Part 60, Subpart 0000.*° These provisions should
result in lower emissions of methane and other hydrocarbons from oil and gas operations.

Any subsequent development of leases for oil and gas production will lead to the emission of
greenhouse gases, principally carbon dioxide (CO;) and methane (CH,). Table 57 gives
estimated emissions of greenhouse gases that could result from Pawnee NG oil and gas
development under the 2021 high development scenario. The annual greenhouse emissions
estimates represent construction for all wells and one year of production emissions, under the
assumption that all 354 wells would be operating at the same time; as this is unlikely to occur,
the numbers are likely an overestimate of the maximum annual potential greenhouse gas
emissions. Annual operating greenhouse emissions will be 85% of the total emissions shown for
the maximum year.

* https://www.colorado.gov/pacific/sites/default/files/T1 AQCC 5-CCR-1001-9.pdf

*® http://www.colorado.gov/cs/Satellite?blobcol=urldata&blobheadername1=Content-
Disposition&blobheadername2=Content-
Type&blobheadervaluel=inline%3B+filename%3D%22Regulation+Numbers+3%2C+6+%26+7+-
+Fact+Sheet.pdf%22&blobheadervalue2=application%2Fpdf&blobkey=id&blobtable=MungoBlobs&blobwhere=12
51949265521&ssbinary=true

* http://www.gpo.gov/fdsys/pkg/FR-2012-08-16/pdf/2012-16806.pdf
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Table 57 Maximum Annual Potential Greenhouse Gas Emissions from Pawnee NG Development Under the 2021 High
Development Scenario (tons)

CO.e (metric
CO, CH, N,O COse tonS)
127,440 6,068 254,859 231,269

If all 354 projected wells were to be drilled in the first year and operate continuously for 25
years, the total GHG emissions would be approximately 4,950,000 metric tons in COze for the
new wells projected under all alternatives. Since it is highly unlikely that all 354 wells could be
drilled in the first year and continue to operate at maximum production capacity for 25 years, this
number is an overestimate of total potential greenhouse gas emissions.

The figures for CO, equivalence were computed using a global warming potential of 21 for
methane. This is the figure used by EPA on its website. However, in a 2013 rulemaking EPA
listed the GWP of methane as 25. If this figure is used instead of 21, the combined annual CO2e
listed in Table 57 increases to 279,129 tons CO.e, or 253,293 metric tons. The 25-year total
GHG emissions increases to approximately 5,500,000 metric tons, assuming all 354 wells would
operate for all 25 years.

The numbers provided in Table 57 do not include greenhouse gas emissions that would result
from processing the extracted oil and gas into final products or from the end use of those
products. This is because it is not possible to determine what the volume or quality of extracted
oil and gas will be or which types of products will ultimately be derived from the oil and gas. It
is also not possible to forecast where, how, or when products extracted from the project area will
be used. Oil, for example, can be used to produce many types of products, including diesel fuel,
gasoline, aircraft fuel, kerosene, motor oils, plastics, solvents, lubricants, tires, asphalt, and a
myriad of other possible end products. Natural gas could be used for electrical generation, home
heating, home cooking, as a vehicle fuel, in fertilizer production (via the Haber—Bosch process),
and for other uses.

For comparison, in 2010 the U.S. emissions of CO, (including some natural sources) amounted
to roughly 6.3 billion tons, emissions of methane totaled approximately 734 million tons in CO,
equivalents, and emissions of N,O totaled roughly 337 million tons in CO, equivalents. Total
U.S. emissions of greenhouse gases in CO; equivalents (including other greenhouse gases) was
approximately 7.5 billion tons. When carbon sinks (i.e., losses of carbon from the atmosphere
due to processes such as uptake by plants) are considered, net U.S. greenhouse gas emissions to
the atmosphere were approximately 6.3 billion tons in CO; equivalents. During the same year,
gross greenhouse gases emitted in Colorado totaled roughly 142 million tons in CO; equivalents,
and net emissions (after subtracting carbon sinks) were roughly 113 million tons in CO,
equivalents. (Center for Climate Strategies 2007). According to the EPA’s greenhouse gas
equivalents calculator (http://www.epa.gov/cleanenergy/energy-resources/calculator.html), the
greenhouse gas emissions shown in Table 57 in CO.e are approximately equal to the annual
greenhouse gas emissions from 48,688 passenger cars.

Emissions of greenhouse gases will contribute to climate change. The Intergovernmental Panel
on Climate Change (IPCC) has concluded that “human influence on the climate system is
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clear.”®® However, it is not possible to predict the impact of potential Pawnee NG emissions on
climate. Greenhouse gases are long-lived and therefore well distributed throughout the
atmosphere. The impact of these gases to climate will also be distributed globally, but the degree
of warming may not be equally distributed. In addition, the estimated quantity of greenhouse
gases that could be emitted from development on the Pawnee NG is quite small relative to total
U.S. and global greenhouse gas emissions, making it impossible to determine quantitatively the
degree of change that might be attributable to these emissions. However, it is anticipated that the
relative contribution of these emissions will be quite small.

There are estimates of potential impacts to climate resulting from the cumulative effects of
greenhouse gas emissions. Climate projections specific to Colorado have been reported for the
Colorado Water Conservation Board (Ray et al. 2008). These findings include the following
projections:

e Colorado will warm by an average of 2.5 degree Fahrenheit by 2025 relative to the 1950-
1999 baseline and by an average of 4 degrees Fahrenheit by 2050. Summers will warm
more (by an average of +5 degrees Fahrenheit) than winters (by an average of +3 degrees
Fahrenheit).

e The climate of the mountains will migrate upward in elevation. Winter projections
indicate that Colorado will see less extreme cold months and more extreme warm months
as well as more strings of consecutive warm winters.

¢ No consistent trends in precipitation were detected due to a high variability in modeling
outputs.

e Snowpack is projected to decline in lower-elevations (below 8,200 feet) by the mid-21st
century. During the same time period areas in Colorado above 8,200 feet are projected to
see modest declines in snowpack.

e During the 21st century runoff will decline in most of Colorado’s river basins.
Hydrologic studies indicate that the Upper Colorado River Basin may see average
decreases of runoff ranging from 6% to 20% by 2050. One statistical stream flow model
projects that decline at 45%.

Between 2000 and 2010 Colorado’s population grew by 16.9%
(www.indexmundi.com/facts/united-states/quick-facts/colorado/population-growth#map).
Projections of population growth estimate that the state will grow by 30% between 2020 and
2040 (DeGroen 2012). When considering that the implications of the climate change models
suggests a reduction in total water supply by 2050, the growth in Colorado’s population could
exacerbate efforts by water managers and planners who already face challenges in assuring water
supplies to existing communities.

The impacts of climate change to Colorado’s water supply include a number of challenges.
These include the following (Ray et al. 2008):

e Water demands by agriculture and outdoor watering may increase as rising temperatures
raise the rates of evapotranspiration, lower soil moisture and alter the growing season.

*% http://ipcc-wg2.gov/AR5/images/uploads/WG2AR5_SPM_FINAL.pdf
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Reservoir operations such as flood control and storage may be affected by hydrologic
changes in the timing and magnitude of snowmelt runoff.

The prior appropriation system and interstate water compacts may be further complicated
by earlier runoff. This could affect when water rights holders receive water. Reservoir
operation plans may have to be amended.

Warmer temperatures may place higher energy demands on hydropower plants. Cooling
of power plants may be affected as lake and stream temperatures rise.

Increases in temperature and changes in soil moisture may result in a shift of mountain
habitats toward higher elevations.

Forest health may respond to changes in air, water and soil temperatures. The
relationships between forests, surface and ground water, insect pests and wildfire may be
modified. For instance, water-stressed trees may be more vulnerable to insect outbreaks.
Increased stream temperatures may stress aquatic ecosystems leading to the spread of in-
stream non-native species and diseases to higher elevations.

Changes in the timing and magnitude of stream flow may affect riparian ecosystems and
increase the potential for non-native species to invade riparian areas.

Water and snow-based recreational pursuits may also be impacted. Changes in reservoir
storage could affect lake and river recreation activities dependent on reservoir releases.
Changes in stream flow timing and magnitude will impact rafting and fishing. Changes in
the timing and character of snowpack will influence winter recreation activities. Tourism
could be impacted.

With changes in long-term precipitation and/or soil moisture, ground water recharge rates
may be affected. This could exacerbate an already challenging water supply issue as a
growing population places increasing demands for water leading to greater pressures to
develop groundwater resources.
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3.11 Geology/Minerals

3.11.1 Fluid Minerals Existing Condition

The Pawnee National Grasslands (PNG) occupies the northern portion of the Denver Basin,
which is an asymmetrical Laramide-age structural basin that is approximately oval in shape,
stretched north to south, with a steeply dipping western flank and a gently dipping eastern flank.
The greatest thickness of sedimentary rocks or axis of the Denver Basin lies parallel to the Front
Range roughly on a line between Denver and Cheyenne, Wyoming. The axis plunges southward
toward Denver, the deepest part of the Denver Basin. The sedimentary rocks of the Denver
Basin range from Cambrian (Paleozoic) aged through undifferentiated alluvial deposits of
Quaternary age. The sedimentary rocks rest on a Precambrian basement of metamorphic and
igneous rocks that do not outcrop in the basin.

The fresh water bearing Upper Cretaceous Fox Hills Sandstone crops out along the western,
southern, and eastern side of PNG. The southern and eastern Fox Hills outcrop follows the
South Platt River from Greeley through Sterling. The western outcrop follows the course of US
Route 85 northward. The Fox Hills is typically flat lying or dipping slightly westward under the
PNG. The upper most Cretaceous-aged Laramie Formation and the Tertiary-aged White River
Formations outcrop across the PNG. The thick Pierre Shale underlies the Fox Hills Sandstone
but does not outcrop in the PNG. The oil prospective Cretaceous-aged Niobrara Formation lies
below the Pierre Shale. Older Upper Cretaceous rocks below the Niobrara Formation separate it
from the oil and gas prospective Muddy and Dakota sandstones of Lower Cretaceous age. These
rocks are in turn underlain by Jurassic and Triassic aged rocks that separate them from the oil
prospective Permian aged Lyons Sandstone. While many oil producing zones underlie the PNG,
not all are currently productive or actively drilled there.

Mineral Resources

Federal mineral resources are categorized into three distinct groups (leasable, salable and
Locatable) that are defined by various laws that provide for their management and disposition.
The PNG are acquired lands that were once in private ownership. As a consequence locatable
minerals are treated like leasable minerals. The geologic setting of the PNG creates favorable
conditions for the occurrence of leasable (oil, gas and coal) and salable (sand, gravel, etc.)
mineral resources. Otherwise locatable minerals (typically hydrothermal and placer deposits) are
unlikely in the Pawnee Grasslands. However, stratiform uranium deposits do occur in the Upper
Cretaceous Fox Hills Sandstone that lies above the hydrocarbon bearing rocks of the Niobrara
Formation. The Niobrara is the current target of oil and gas development in the PNG.

Mineral Resources — Leasable

The category of traditionally Leasable Minerals (on federal lands) was established as a result of
the Mineral Leasing Act of 1920. This act removed certain minerals from location under the
Mining Law of 1872 and authorized the Secretary of Interior to issue leases for their extraction
(currently applies to coal, phosphate, sodium, potassium, oil, oil shale, gilsonite, and natural
gas). The act applies to National Forest lands reserved from the public domain, including lands
received in exchange for timber or other public domain lands and lands with minerals reserved
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under special authority. The Federal Onshore Oil and Gas Leasing Reform Act of 1987
(FOOGLRA) amended the Mineral Leasing Act of 1920 as described in Chapter 1, Relevant
Laws, Regulations, and Guidance Documents.

Oil and gas are produced primarily from Cretaceous aged rocks across the Denver Basin;
however some production occurs from older Paleozoic formations. The Denver Basin contains
about 1,500 oil and (or) gas fields, concentrated along a northeast trend stretching from Denver
into southwestern Nebraska. This trend is south of the PNG. These fields are “traditional” in
that they commonly have a water contact below the hydrocarbon accumulation and a trapping
mechanism that inhibits hydrocarbon migration in an otherwise permeable reservoir. They have
limited lateral extent that is bounded by the trapping mechanism and the oil-water contact. They
exclude reservoirs that exhibit unusually low pressure and permeability. Non-traditional
reservoirs have low permeability and no down-dip water contact. They cannot be produced by
traditional development practices that rely on sufficient reservoir permeability for oil flow
without stimulation. Non-traditional reservoirs can be laterally extensive bounded only by the
quality and quantity of the hydrocarbons present and the lithologic properties of the host rock.
Current drilling in the PNG typically targets non-traditional oil reservoirs in the Niobrara
Formation that are continuous in nature.

Development of Qil and Gas in the Pawnee National Grasslands

The current oil and gas interest in the PNG is principally in the Upper Cretaceous Niobrara
Formation. Older, deeper oil and gas producing formations exist in the PNG, but interest in them
is not presently significant. The Niobrara Formation is being exploited by non-traditional means
while the older formations are traditional targets.

The Denver Basin, one of the largest sedimentary basins in the Rocky Mountain Region, was
created during the Laramide Orogeny 60 to 80 million years ago. The basin is asymmetric with a
gentle east flank and a faulted to very steeply dipping west flank. Source rock intervals for the
Cretaceous include the Skull Creek, Mowry, Graneros, Carlile, Niobrara, and lower Pierre
(Sharon Springs) shales. In the past, most production in the basin came from the Lower
Cretaceous Muddy (D) and Muddy (J) sandstones. In the area of the Wattenberg Field south of
the PNG production is found in the Dakota, J, D, Greenhorn, Codell, Niobrara, Hygiene, and
Terry units. The Wattenberg area is a geothermal “hot spot” (Higley et al., 2003; Higley et al.,
1992; Meyer and McGee, 1985). The principal reason for all the stacked pays in Wattenberg is
the high temperature anomaly, which is inferred to be related to the Colorado Mineral Belt,
which extends beneath the Denver Basin in the Wattenberg area (Higley et al., 2003). The high
temperature anomaly along with the depth of burial of the source rocks converted the organic
material contained in the source rocks to oil and gas. New discoveries in the Niobrara in the
Denver Basin include Hereford Field northeast of Wattenberg, which is being developed with
horizontal drilling and multi-stage hydraulic-fracture stimulations.

The PNG has a relatively low density of oil and gas development in comparison to existing wells
within the Royal Gorge Planning area. As of January 2013, there are 62 wells located on
approximately 43,000 leased acres of the PNG which are used for oil and gas production, water
injection, and monitoring.
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Niobrara Geology

The Niobrara Petroleum System consists of petroleum source beds and reservoir units within the
Niobrara Formation, and it is also the source of hydrocarbons for reservoirs in the overlying
Cretaceous Mesaverde sandstones (Terry and Hygiene). Thermogenic (thermally mature) oil and
gas accumulations occur in the deeper part of the Denver Basin whereas biogenic gas
accumulations occur on the shallow east flank of the basin. The Niobrara thermogenic
production turns from gas to oil as the geothermal gradients decrease in all directions away from
the Wattenberg “hotspot.” The area of thermally mature Niobrara source rocks is probably in the
eastern half of the PNG. We assume that petroleum exploration will be successful in 50% of the
PNG and that success will be largely in the eastern block.

The Niobrara Formation in the Denver Basin is a marine deposit consisting of interlayered shale,
limestone and chalk beds with limited silt and sand layers. The Niobrara was formed in the
Cretaceous seaway that extended across North American connecting the warm waters to the
south with the cold waters of the north. Water circulation in the seaway brought warm southern
water northward on the eastern side of the seaway and cold polar water southward along the
western side. The water circulation pattern and the source of sediment to the west in what is now
Utah caused thicker clay and sand deposition to the west and more limestone and chalk
deposition to the east. Westward from the Denver Basin the Niobrara grades into the thick
Mancos Shale in western Colorado. The Niobrara Formation of the PNG was more influenced
by the warm southern waters and is characterized by limestone and chalk rather than clays, silts,
and sands.

The Niobrara Formation of the PNG area is composed of the Fort Hayes Limestone Member at
its base and the overlying interbedded Smokey Hill Member. The Smokey Hill Member has
three limestone/chalk layers and intervening organic rich shale layers. The Smokey Hill Member
is thicker than the Fort Hayes member and is important to the formation’s oil production. The
shales of the Smokey Hill Member are the source rocks for the oil and the interbedded limestone
and chalks are the reservoirs in which the oil is held. The target of horizontal drilling is always
the most chalk-rich beds (R & R the Niobrara RMAG Chl Pg. 19). The organic material of the
Niobrara Formation source rocks in at least the eastern half of the PNG is thermally mature
because it was buried deep enough and exposed to an increase in heat associated the Wattenburg
hotspot for a long enough time to generate oil.

Number of Wells per Pad

The RFDS estimates that 4 wells may be drilled on each pad north of Greater Wattenberg area,
which includes the PNG (Page 21). Niobrara wells will most likely be drilled vertically to a
depth of about 6000 feet and the laterals “kicked off” from that point. The laterals are horizontal
extensions form the kick off point and extend up to 1.5 miles or more from that point.

According to the RFDS the number of wells that will be drilled on the USFS lands in the Pawnee
area north of the non-attainment area is 126. These are expected to be horizontal wells drilled
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from pad locations that may host 4 or more wells per pad. The RFDS indicates that the average
number of wells per pad in the planning area is 3.2 wells and that about 67% of the new wells
permitted (at the time of the RFDS preparation based on numbers from 2011). The RFDS says
that in the area north of the Wattenberg AQNAA development will proceed (after initial stages
of exploration) with pads averaging at least 3 wells per pad. In fact, the RFDS cites pads with as
many as 16 wells and counts about 500 pads with from 4 to 8 wells per pad in the Greater
Wattenberg AQNAA (pg 21).

Geometry of the PNG Acreage

The PNG is spread in two blocks separated by a north-south band of mostly private with some
state lands that is one and a half townships (9 miles) wide in Weld County. The Niobrara
Formation in the eastern block is currently undergoing the most intense development. The PNG
land pattern in this block is more fragmented than in the western block. While the average size
of discrete tracts of PNG mineral estate are approximately the same in both blocks, there are
more and larger interspersed tracts of private lands in the eastern block.

Hydraulic Fracturing and Horizontal Drilling

Hydraulic fracturing (HF) is a well stimulation process used to maximize the extraction of
underground resources — oil, natural gas and geothermal energy. The HF process includes the
acquisition of water/mixing of chemicals, well perforating and production zone fracturing, and
HF flow-back disposal.

Prior to the development of hydrocarbon bearing low permeability formations, domestic
production of conventional resources had been declining. In response to this decline, the federal
government in the 1970’s through 1992, passed tax credits to encourage the development of
unconventional resources. It was during this time that the HF process along with horizontal
drilling was further advanced to include the high-pressure multi-stage fracking of long horizontal
“laterals” drilled into tight or low permeability rocks.

The HF process involves the injection of a fracturing fluid and most often a proppant that is
typically sand into the hydrocarbon bearing formation under sufficient pressure to further open
existing fractures and/or create new fractures. This allows the hydrocarbons to more readily
flow into the wellbore. HF coupled with horizontal drilling has gained interest recently as
hydrocarbons previously trapped in low permeability tight sand and shale formations are now
technically and economically recoverable. As a result, oil and gas production has increased
significantly in the United States.

Horizontal wells reach far greater areas of an oil and gas reservoir than do vertical wells with far
fewer surface acres disturbed. Multiple horizontal wells can be drilled from a single surface
location or drilling pad. Horizontal wells are lateral extensions that can reach out from the
surface location up to two miles or more. The typical horizontal well in the Niobrara Formation
in the Greater Pawnee National Grasslands (PNG) starts as a vertical well drilled to a depth of
about 6,000 feet. At that depth the well is deviated into the horizontal and extends outward to its
total horizontal reach. Multiple wells are drilled from a single pad each with a horizontal

194



extension or lateral. The wells on a common pad are spud about 30 to 50 feet apart. The
laterals from the individual wells on the same pad are drilled parallel to each other separated by a
distance that maximizes hydraulic fracking efficiency. The laterals from each pad are typically
drilled in opposed directions at 180 degrees separation. Laterals from half the wells on the pad
may be drilled to the north and the other half to the south.

Generally, HF can be described as follows:

1. Water, proppant, and chemical additives are pumped at extremely high pressures down the
wellbore.

2. The fracturing fluid is pumped through perforated sections of the wellbore and into the
surrounding formation, creating fractures in the rock. The proppant holds the fractures open
during production of the well.

3. Company personnel continuously monitor and gauge pressures, fluids and proppants,
studying how the propping agent reacts when it hits the bottom of the wellbore, slowly
increasing the density of proppant to water as the frack progresses.

4. This process may be repeated multiple times, in “stages” of a few hundred to a thousand

feet or more along the entire length of a horizontal well bore that may be several thousand

feet long. The wellbore is temporarily plugged between each stage to maintain the highest
water pressure possible and get maximum fracturing results in the rock.

The plugs are drilled or removed from the wellbore and the well is tested for results.

6. The pressure is reduced and the fracturing fluids are returned up the wellbore for disposal
or treatment and re-used, leaving the sand in place to prop open the fractures and allow the
oil/gas to flow.

o

Operational Issues

Wells that undergo HF may be drilled vertically, horizontally, or directionally and the resultant
fracture induced by HF can be vertical, or horizontal, or both. Wells in the PNG extend to depths
of 6,000 to 7,000 feet, and horizontal sections of a well may extend up to 2 miles from the
production pad on the surface.

The total volume of fracturing fluids is generally 95-99% water. In the Niobrara oil play, up to 5
million gallons may be used to fracture a horizontal well (much of which will be recovered for
treatment, reuse and/or approved disposal).

Drilling muds, drilling fluids, water, and hydraulic fracturing fluids are stored in onsite tanks
during the drilling and/or completion process. Equipment transport and setup can take several
days, and the actual HF and flowback process can occur in a few days. For oil wells, the
flowback fluid from the HF operations is treated in an oil-water separator before it is stored in a
lined pit or tank located on the surface.

Gas emissions associated with the HF process are captured when the operator utilizes a green
completion process. Where a green completion process is not utilized, gas associated with the
well may be vented and/or flared until “saleable quality” product is obtained in accordance with
Federal and state rules and regulations. The total volume of emissions from the equipment used
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(trucks, engines) will vary based on the pressures needed to fracture the well, and the number of
zones to be fractured. Emissions associated with a project, and HF if proposed, will be analyzed
through a site specific NEPA document to ensure that the operation will not cause a violation
under the Clean Air Act.

Beginning 1 January 2015, new source performance standards require green completion for new
natural gas wells completions and natural gas wells re-completions. New wells in the DJ Basin
may produce large quantities of natural gas, oil and condensate, and may be viewed by the BLM
as natural gas wells at the permitting APD stage. Conditions of Approval (COA) may be applied
to new Federal wells in the DJ Basin requiring green completion regardless of well type
classification (gas or oil well) given the location of the new oil and gas development relative to
the Ozone NAA. The O&G industries typically describe green completion as a routine process
for oil and gas development in this area. However, the Niobrara Formation in the PNG area
typically contains oil with very little, if any, gas and condensate produced.

High amounts of dust and combustion emissions typically accompany drilling, completion, and
hydraulic fracturing related traffic. Multiple near-field particulate matter (PM) short-term (24-
hour average) modeling analyses have been completed for development related traffic that show
that high-levels of dust control are needed to achieve air quality compliance. The BLM routinely
requires enhanced dust mitigation.

Emissions calculators used by the BLM are based on oil industry input. These calculators assume
multiple engines totaling 10,000 — 15,000 horse power used for hydraulic fracturing. These
engines usually only operate for short-durations, but could lead to short-term air quality concerns
such as NO2 1-hour impacts. The BLM usually places a COA that all large development related
engines are required to meet EPA Tier 2 or better Diesel Engine Standards.

Under either completion process, wastewaters from the HF process may be disposed in several
ways. For example, the flowback water may be stored in tanks pending reuse; the water may be
re-injected using a permitted injection well, or the water may be hauled to a licensed facility for
treatment, disposal and/or reuse. Water containing certain air polluting compounds may require
permitting.

Disposal of the waste stream following establishment of “sale-quality” product would be handled
in accordance with Onshore Order #7 regulations and other state/federal rules and regulations.

Fracturing Fluids

As indicated above, the fluid used in the HF process is approximately 95% to 99% water and a
small percentage of special-purpose chemical additives and proppant. There is a broad array of
chemicals that can be used as additives in a fracture treatment — including, but not limited to,
hydrochloric acid, anti-bacterial agents, corrosion inhibitors, gelling agents (polymers),
surfactants, and scale inhibitors. The 1-5% of chemical additives translates to a minimum of
5,000 gallons of chemicals for every 1.5 million gallons of water used to fracture a well. Water
used in the HF process is generally initially acquired from surface water or groundwater in the
local area.
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Potential Sources of Water for Hydraulic Fracturing

Freshwater-quality water is required to drill the surface-casing section of the wellbore per federal
regulations; other sections of the wellbore (intermediate and/or production strings) would be
drilled with appropriate quality makeup water as necessary. This is done to protect usable water
zones from contamination, to prevent mixing of zones containing different water quality/use
classifications, and to minimize total freshwater volumes. With detailed geologic well logging
during drilling operations, the bottoms of these usable water zones are identified by the
geologists/mud loggers on location, which aids in the proper setting of casing depths.

Below is a discussion of the sources of water that could potentially be used for hydraulic
fracturing. The decision to use any specific source is dependent on BLM authorization at the
APD stage and the ability to satisfy the water appropriation doctrine. From the operators’
standpoint, their decision will be primarily driven by the economics associated with procuring a
specific water source. In some cases water acquisition, use, and re-use may require permits from
proper authorities. The operator will be responsible for all necessary permits and authorizations
that are required by other federal, state and local authorities.

(1) Irrigation water leased or purchased from a landowner.
The landowner may have rights to surface water, delivered by a ditch or canal that is used
to irrigate land. The operator may choose to enter into an agreement with the landowner
to purchase or lease a portion of that water. This is allowable, however, in nearly every
case, the use of an irrigation water right is likely limited to irrigation uses and cannot be
used for well drilling and HF operations. To allow its use for drilling and HF, the owner
of the water right and the operator must apply to change the water right through a formal
process.

(2) Treated water or raw water leased or purchased from a water provider.
The operator may choose to enter into an agreement with a water provider to purchase or
lease water from the water provider’s system. Municipalities and other water providers
may have a surplus of water in their system before it is treated (raw water) or after
treatment that can be used for drilling and HF operations. Such an arrangement would be
allowed only if the operator’s use were compliant with the water provider’s water rights.

(3) Water treated at a waste water treatment plant leased or purchased from a water provider.
The operator may choose to enter into an agreement with a water provider to purchase or
lease water that has been used by the public, and then treated as wastewater.
Municipalities and other water providers discharge their treated waste water into the
streams where it becomes part of the public resource, ready to be appropriated once again
in the priority system. But for many municipalities a portion of the water that is
discharged has the character of being “reusable.” As a result, it is possible that after
having been discharged to the stream, it could be diverted by the operator to be used for
drilling and HF operations.

(4) New diversion of surface water flowing in streams and rivers.
New diversion of surface waters are rare because the surface streams are already “over
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appropriated,” that is, the flows do not reliably occur in such a magnitude that all of the
vested water rights on those streams can be satisfied. Therefore, the only time that an
operator may be able to divert water directly from a river is during periods of high flow
and less demand. These periods do occur but not reliably or predictably.

(5) Reused or Recycled Drilling Water.
Water that is used for drilling of one well may be recovered and reused in the
construction of subsequent wells. The BLM encourages reuse and recycling of both the
water used in well drilling and the water produced in conjunction with oil or gas
production. However, the operator must obtain the right to use the water for this purpose.

(6) On-Location Water Supply Wells.
Operators may apply for, and receive, permission from the state to drill and use a new
water supply well. These wells are usually drilled on location to provide an on-demand
supply. These industrial-type water supply wells are typically drilled deeper than nearby
domestic and/or stock wells to minimize drawdown interference, and have large capacity
pumps.

Potential Impacts to Usable Water Zones

Potential risks to surface and underground sources of usable waters may occur at various points
in the oil and gas development process.

Impacts to or contamination of groundwater can come from point sources, such as chemical
spills, damaged or leaking chemical storage tanks (aboveground and underground), industrial
sites, landfills, household septic tanks, oil and gas well sites, and associated fluid pits, and
mining activities. Groundwater contamination may occur through a variety of operational
sources which may include, but are not limited to, pipeline and well casing failure, well (gas and
water) drilling and construction of related facilities, and spills. Similarly, improper construction
and management of open fluids pits and production facilities could degrade ground water quality
through leakage and leaching.

Hydrocarbons or associated chemicals for oil and gas development, including HF fluids in excess
of standards for minimum concentration levels, migrating into culinary water supply wells,
springs, or usable water systems, could result in these water sources becoming non-potable.
Water wells developed for oil and gas drilling could also result in a draw down in the quantity of
water in nearby residential areas depending upon the geology; however it is not possible to
predict whether or not any such water well